New response functions for absorption-line indices from high-resolution
  spectra by Tantalo, R. et al.
arXiv:astro-ph/0406314v3  25 Sep 2006
1
9
Table A.1. 1-A˚ resolution spectra: Isol and Ienh − Isol for [Z/Z⊙]=–2.0
Teff 4000 5250
log g 1.5 2.5 3.5 4.5 1.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 0.043 0.011 0.057 0.034 0.050 0.039 0.047 0.049 –0.025 0.007 –0.029 0.008 –0.035 0.009 –0.041 0.010
CN2 0.092 0.017 0.129 0.042 0.126 0.046 0.143 0.058 0.001 0.007 –0.009 0.009 –0.022 0.009 –0.034 0.012
Ca4227 0.328 0.463 1.272 0.599 2.213 0.411 3.872 0.406 0.095 0.005 0.042 0.055 0.033 0.115 0.135 0.170
G4300 8.302 –0.936 8.620 –1.344 7.356 –1.649 6.386 –1.953 3.053 –0.949 4.441 –1.009 5.746 –0.940 6.863 –1.153
Fe4383 5.127 –1.691 5.742 –1.931 5.221 –1.886 5.448 –1.792 1.079 –0.246 1.067 –0.417 1.270 –0.607 1.700 –0.810
Ca4455 1.208 –0.208 1.253 –0.214 1.082 –0.261 1.141 –0.249 0.341 –0.064 0.302 –0.048 0.278 –0.056 0.276 –0.065
Fe4531 3.218 –0.428 3.025 –0.417 2.611 –0.455 2.678 –0.410 1.276 –0.198 1.131 –0.210 1.002 –0.227 0.888 –0.244
C24668 0.705 –0.142 0.335 –0.130 –0.029 –0.113 –0.359 –0.059 –0.096 0.046 –0.072 0.034 –0.039 0.029 –0.006 0.041
Hβ 0.129 0.091 –0.085 0.093 –0.212 0.081 –0.296 –0.002 1.666 –0.035 1.389 –0.032 1.167 –0.017 1.046 –0.011
Fe5015 3.714 –0.617 2.826 –0.749 2.068 –0.806 1.432 –0.797 1.435 –0.440 1.372 –0.421 1.285 –0.402 1.136 –0.397
Mg1 0.076 0.008 0.162 0.028 0.188 0.026 0.272 0.041 –0.004 –0.003 –0.003 –0.002 –0.004 –0.002 –0.004 –0.001
Mg2 0.165 0.016 0.303 0.041 0.353 0.032 0.459 0.037 0.022 –0.001 0.026 –0.001 0.036 0.000 0.057 0.001
Mgb 1.966 0.384 3.586 0.600 4.091 0.537 4.374 0.323 0.372 0.146 0.528 0.145 0.959 0.182 1.723 0.232
Fe5270 2.168 –0.268 2.555 –0.344 2.516 –0.465 2.695 –0.586 0.526 –0.099 0.550 –0.107 0.606 –0.138 0.704 –0.204
Fe5335 2.085 –0.373 2.294 –0.426 2.201 –0.528 2.437 –0.645 0.762 –0.146 0.741 –0.163 0.735 –0.196 0.769 –0.256
Fe5406 1.215 –0.253 1.538 –0.321 1.594 –0.405 1.844 –0.520 0.274 –0.126 0.316 –0.117 0.358 –0.119 0.417 –0.147
Fe5709 0.652 –0.160 0.559 –0.152 0.365 –0.156 0.227 –0.118 0.085 –0.071 0.091 –0.074 0.090 –0.074 0.077 –0.071
Fe5782 0.254 –0.143 0.240 –0.140 0.153 –0.110 0.107 –0.073 0.020 –0.022 0.022 –0.024 0.022 –0.025 0.019 –0.024
NaD 1.030 –0.412 1.860 –0.671 2.550 –1.024 4.313 –1.521 0.286 –0.029 0.307 –0.043 0.394 –0.086 0.606 –0.172
TiO1 0.002 0.000 0.002 –0.001 0.000 –0.003 –0.001 –0.005 0.000 –0.001 0.000 0.000 0.000 0.000 –0.001 0.000
TiO2 0.015 –0.006 0.014 –0.006 0.010 –0.010 0.006 –0.012 0.001 –0.002 0.001 –0.002 0.001 –0.001 0.000 –0.001
HδA –3.633 1.935 –3.861 2.099 –3.422 2.074 –3.158 1.999 0.759 0.274 0.349 0.294 –0.278 0.396 –1.028 0.592
HγA –7.774 0.850 –9.516 1.408 –8.939 1.993 –9.083 2.373 –1.041 0.937 –2.589 1.048 –4.228 1.060 –5.810 1.377
HδF –1.682 0.752 –1.887 0.851 –1.685 0.921 –1.473 0.923 1.075 0.206 0.750 0.187 0.344 0.205 –0.046 0.267
Hγ F –3.023 0.436 –3.953 0.782 –3.831 1.057 –3.823 1.237 0.667 0.413 –0.263 0.495 –1.319 0.537 –2.316 0.724
D4000 2.422 –0.256 2.335 –0.302 2.276 –0.289 2.312 –0.284 1.407 –0.028 1.380 –0.025 1.397 –0.028 1.450 –0.036
Teff 7250 10000 13000
log g 1.5 2.5 3.5 4.5 2.5 3.5 4.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 –0.185 0.000 –0.197 0.000 –0.189 0.000 –0.171 0.000 –0.129 –0.001 –0.235 –0.002 –0.344 –0.001 –0.077 –0.001 –0.149 –0.001 –0.235 –0.002
CN2 –0.093 –0.001 –0.113 0.000 –0.112 0.000 –0.100 0.000 –0.042 –0.001 –0.137 –0.002 –0.258 –0.001 –0.016 0.000 –0.069 –0.001 –0.152 –0.002
Ca4227 0.032 0.005 0.044 0.002 0.052 0.000 0.062 –0.003 0.018 –0.009 0.010 –0.007 0.003 –0.006 0.007 –0.006 0.006 –0.006 0.002 –0.004
G4300 –1.320 0.023 –1.669 0.027 –1.704 0.004 –1.534 –0.024 –0.851 –0.027 –2.462 –0.034 –3.990 –0.013 –0.416 0.003 –1.309 –0.009 –2.598 –0.023
Fe4383 –0.166 –0.158 –0.658 –0.131 –0.860 –0.101 –0.818 –0.065 –0.175 –0.022 –1.023 –0.031 –3.234 –0.040 0.075 –0.009 –0.300 –0.012 –1.318 –0.022
Ca4455 –0.006 –0.047 0.017 –0.039 0.038 –0.023 0.048 –0.012 0.030 –0.009 0.014 –0.009 –0.002 –0.008 0.257 –0.009 0.236 –0.011 0.210 –0.006
Fe4531 0.371 –0.152 0.299 –0.151 0.233 –0.134 0.176 –0.114 0.056 –0.034 0.036 –0.027 0.026 –0.022 0.024 –0.014 0.023 –0.014 0.017 –0.009
C24668 –0.170 0.068 –0.120 0.060 –0.080 0.048 –0.045 0.032 0.052 0.035 0.047 0.021 –0.024 0.012 0.146 0.029 0.123 0.017 0.099 0.007
Hβ 7.151 –0.036 7.134 –0.040 6.678 –0.042 6.086 –0.044 6.063 0.021 8.825 0.021 9.741 –0.010 3.894 0.023 6.203 0.030 8.037 0.032
Fe5015 0.200 –0.123 0.164 –0.129 0.129 –0.129 0.106 –0.127 0.059 –0.017 0.043 –0.013 –0.034 –0.011 0.133 –0.024 0.087 –0.016 0.046 –0.005
Mg1 0.001 0.001 –0.003 0.001 –0.005 0.001 –0.006 0.001 0.007 0.000 0.004 0.000 –0.007 0.000 0.008 0.000 0.007 0.000 0.003 0.000
Mg2 0.014 0.001 0.011 0.000 0.009 0.000 0.009 –0.001 0.009 0.000 0.008 0.000 –0.001 0.000 0.009 0.000 0.009 0.000 0.006 0.000
Mgb 0.383 0.061 0.384 0.051 0.379 0.037 0.389 0.017 0.066 –0.009 0.070 –0.017 0.079 –0.018 0.034 –0.005 0.035 –0.008 0.028 –0.012
Fe5270 0.024 –0.049 0.052 –0.050 0.078 –0.051 0.097 –0.054 –0.002 0.006 0.002 0.004 0.003 0.001 0.006 0.000 0.007 0.000 0.007 0.000
Fe5335 0.170 –0.077 0.164 –0.089 0.153 –0.095 0.141 –0.096 0.020 –0.014 0.014 –0.011 0.012 –0.010 0.012 –0.008 0.010 –0.007 0.007 –0.004
Fe5406 0.021 –0.025 0.036 –0.029 0.046 –0.033 0.052 –0.037 0.003 –0.002 0.002 –0.002 0.002 –0.001 0.003 –0.002 0.003 –0.002 0.003 –0.002
Fe5709 0.003 –0.002 0.004 –0.005 0.005 –0.006 0.005 –0.006 0.002 0.000 0.002 0.000 0.002 0.000 0.002 0.000 0.002 0.000 0.002 0.000
Fe5782 0.002 –0.002 0.002 –0.002 0.002 –0.002 0.002 –0.002 0.001 –0.001 0.001 0.000 0.001 –0.001 0.001 0.000 0.002 0.000 0.001 0.000
NaD 0.145 –0.035 0.155 –0.032 0.159 –0.029 0.162 –0.029 –0.031 –0.002 –0.013 –0.004 0.000 –0.009 –0.136 0.001 –0.102 0.001 –0.075 0.000
TiO1 0.002 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.003 0.000
TiO2 0.003 0.000 0.002 0.000 0.002 0.000 0.001 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.004 0.000 0.004 0.000 0.004 0.000
HδA 8.941 0.071 9.384 0.031 8.968 0.021 8.118 0.004 6.543 0.041 11.170 0.050 15.360 0.030 4.197 0.031 7.510 0.044 11.130 0.060
HγA 8.708 0.039 9.262 –0.004 8.958 –0.011 8.143 –0.019 6.628 0.043 11.270 0.070 15.520 0.020 4.152 0.029 7.445 0.043 11.140 0.070
HδF 7.587 0.036 7.484 0.018 6.995 0.012 6.332 0.002 5.935 0.032 9.009 0.034 10.460 0.000 3.837 0.027 6.380 0.035 8.434 0.043
HγF 7.366 0.015 7.354 –0.009 6.920 –0.018 6.286 –0.028 5.969 0.024 8.880 0.026 10.300 0.010 3.885 0.023 6.304 0.030 8.291 0.039
D4000 1.217 -0.005 1.276 –0.006 1.295 –0.005 1.294 –0.006 1.080 0.000 1.199 0.002 1.377 0.002 1.017 0.001 1.084 0.001 1.187 0.003
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Table A.2. 1-A˚ resolution spectra: Isol and Ienh − Isol for [Z/Z⊙]=–1.5
Teff 4000 5250
log g 1.5 2.5 3.5 4.5 1.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 0.082 –0.002 0.088 0.017 0.072 0.027 0.051 0.034 –0.032 0.004 –0.039 0.007 –0.043 0.009 –0.046 0.013
CN2 0.150 0.004 0.178 0.020 0.171 0.033 0.158 0.039 –0.006 0.005 –0.018 0.009 –0.029 0.013 –0.038 0.019
Ca4227 1.041 1.281 2.400 1.191 3.824 1.104 5.133 0.925 0.160 0.093 0.055 0.174 0.050 0.285 0.250 0.431
G4300 8.389 –0.915 8.376 –1.272 7.356 –1.213 5.699 –1.130 5.157 –0.723 6.424 –0.884 7.216 –0.936 8.064 –1.280
Fe4383 6.349 –1.553 7.111 –2.000 6.858 –1.811 6.265 –1.683 1.685 –0.188 1.888 –0.362 2.329 –0.654 2.985 –0.981
Ca4455 1.751 –0.131 1.843 –0.166 1.691 –0.104 1.538 –0.110 0.580 –0.065 0.515 –0.042 0.465 –0.020 0.459 –0.012
Fe4531 4.012 –0.278 3.818 –0.306 3.482 –0.220 3.317 –0.191 2.032 –0.038 1.877 –0.030 1.713 –0.036 1.584 –0.058
C24668 1.390 –0.159 0.795 –0.042 0.246 0.187 –0.242 0.273 –0.018 0.109 –0.011 0.088 0.014 0.069 0.041 0.071
Hβ 0.093 0.075 –0.200 0.073 –0.395 0.084 –0.476 0.028 1.787 0.034 1.464 0.041 1.213 0.037 1.056 0.029
Fe5015 4.747 –0.618 3.736 –0.613 2.934 –0.462 2.134 –0.407 2.497 –0.088 2.376 –0.085 2.256 –0.095 2.119 –0.124
Mg1 0.131 0.025 0.230 0.029 0.279 0.048 0.331 0.061 0.001 –0.002 0.001 –0.001 0.000 0.000 0.001 0.004
Mg2 0.241 0.044 0.397 0.054 0.482 0.086 0.531 0.089 0.030 0.003 0.038 0.007 0.057 0.013 0.093 0.025
Mgb 2.632 0.754 4.334 0.916 5.007 1.219 4.601 0.974 0.308 0.220 0.626 0.326 1.360 0.511 2.590 0.811
Fe5270 2.849 –0.207 3.231 –0.330 3.331 –0.360 3.278 –0.411 0.872 0.070 0.890 0.067 0.983 0.038 1.180 –0.020
Fe5335 2.840 –0.276 3.056 –0.412 3.011 –0.438 2.944 –0.536 1.110 –0.027 1.115 –0.031 1.150 –0.049 1.258 –0.093
Fe5406 1.687 –0.199 2.042 –0.331 2.174 –0.347 2.204 –0.414 0.403 –0.046 0.457 –0.054 0.541 –0.067 0.672 –0.095
Fe5709 0.952 –0.060 0.830 –0.065 0.613 –0.055 0.378 –0.056 0.210 –0.022 0.220 –0.023 0.220 –0.023 0.203 –0.022
Fe5782 0.491 –0.119 0.468 –0.141 0.339 –0.123 0.220 –0.100 0.055 –0.013 0.061 –0.014 0.062 –0.014 0.058 –0.013
NaD 1.563 –0.371 2.744 –0.687 3.994 –0.848 5.614 –1.226 0.332 –0.039 0.379 –0.056 0.542 –0.105 0.910 –0.191
TiO1 0.006 0.002 0.005 0.004 0.005 0.009 0.002 0.008 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TiO2 0.025 –0.003 0.024 0.001 0.022 0.010 0.014 0.009 0.004 0.000 0.003 0.000 0.003 0.000 0.002 0.000
HδA –5.011 1.931 –5.262 2.142 –4.782 1.878 –3.510 1.581 0.258 0.242 –0.193 0.328 –0.932 0.496 –1.945 0.749
HγA –9.139 0.687 –10.690 1.384 –10.540 1.410 –9.443 1.597 –2.950 0.706 –4.475 0.910 –5.746 1.038 –7.302 1.487
HδF –2.400 0.530 –2.641 0.721 –2.425 0.729 –1.727 0.709 0.774 0.193 0.489 0.214 0.094 0.270 –0.382 0.369
HγF –3.279 0.392 –4.072 0.711 –4.115 0.749 –3.576 0.772 –0.039 0.368 –1.045 0.523 –1.959 0.629 –2.947 0.883
D4000 - 2.633 –0.215 2.571 –0.302 2.548 –0.287 2.448 –0.250 1.487 0.012 1.456 0.005 1.484 –0.005 1.565 –0.019
Teff 7250 10000 13000
log g 1.5 2.5 3.5 4.5 2.5 3.5 4.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 –0.181 0.001 –0.195 0.001 –0.188 0.001 –0.171 0.001 –0.127 –0.001 –0.232 –0.001 –0.343 0.000 –0.075 –0.001 –0.146 –0.001 –0.233 –0.001
CN2 –0.088 0.001 –0.110 0.001 –0.110 0.001 –0.099 0.000 –0.041 –0.001 –0.134 –0.001 –0.256 0.000 –0.015 0.000 –0.067 –0.001 –0.150 –0.001
Ca4227 0.061 0.020 0.070 0.016 0.080 0.013 0.094 0.014 0.033 –0.005 0.022 –0.001 0.016 0.006 0.016 –0.003 0.015 –0.003 0.008 –0.002
G4300 –1.061 0.102 –1.396 0.114 –1.435 0.117 –1.296 0.114 –0.799 0.012 –2.396 0.010 –3.966 0.025 –0.415 –0.004 –1.284 –0.014 –2.571 –0.016
Fe4383 0.124 –0.045 –0.457 –0.052 –0.740 –0.049 –0.769 –0.046 –0.139 –0.005 –0.970 –0.014 –3.164 –0.022 0.087 0.003 –0.279 –0.002 –1.288 –0.010
Ca4455 0.016 0.011 0.031 0.000 0.061 –0.011 0.090 –0.016 0.001 –0.002 –0.013 –0.006 –0.030 –0.009 0.228 –0.007 0.207 –0.008 0.184 –0.011
Fe4531 0.661 –0.021 0.558 –0.029 0.457 –0.034 0.374 –0.037 0.113 –0.016 0.081 –0.012 0.062 –0.010 0.046 –0.004 0.046 –0.006 0.032 –0.004
C24668 –0.277 0.102 –0.210 0.080 –0.144 0.057 –0.080 0.040 –0.007 0.023 0.011 0.015 –0.043 0.011 0.096 0.022 0.094 0.011 0.083 0.005
Hβ 7.225 0.006 7.213 –0.003 6.761 –0.009 6.170 –0.012 6.015 0.023 8.781 0.015 9.752 –0.005 3.833 0.038 6.134 0.039 7.986 0.027
Fe5015 0.402 –0.035 0.377 –0.039 0.345 –0.041 0.319 –0.040 0.038 –0.050 0.041 –0.041 –0.022 –0.034 0.091 –0.051 0.049 –0.053 0.019 –0.046
Mg1 –0.001 0.001 –0.005 0.001 –0.007 0.001 –0.007 0.000 0.007 0.000 0.004 0.000 –0.007 0.000 0.007 0.000 0.007 0.000 0.003 0.000
Mg2 0.018 0.001 0.015 0.001 0.013 0.001 0.013 0.002 0.010 0.000 0.008 0.001 0.001 0.001 0.009 0.000 0.009 0.000 0.006 0.000
Mgb 0.473 0.071 0.460 0.075 0.448 0.079 0.484 0.102 0.081 0.013 0.108 0.021 0.143 0.028 0.043 –0.007 0.050 –0.006 0.047 –0.005
Fe5270 0.110 0.030 0.140 0.033 0.168 0.033 0.193 0.030 –0.012 0.007 –0.005 0.006 0.000 0.005 0.006 0.002 0.006 0.002 0.007 0.002
Fe5335 0.318 –0.012 0.325 –0.014 0.318 –0.015 0.304 –0.014 0.042 –0.004 0.032 –0.003 0.027 –0.002 0.025 0.003 0.020 0.000 0.014 0.000
Fe5406 0.046 –0.033 0.078 –0.028 0.100 –0.022 0.114 –0.017 0.007 0.000 0.005 0.000 0.004 0.000 0.006 0.001 0.006 0.001 0.005 0.001
Fe5709 0.006 0.004 0.011 0.004 0.014 0.003 0.015 0.003 0.002 0.000 0.002 0.000 0.002 0.000 0.002 0.000 0.002 0.000 0.002 0.000
Fe5782 0.005 –0.001 0.005 –0.001 0.005 –0.001 0.005 –0.001 0.003 –0.001 0.002 –0.001 0.002 0.000 0.002 –0.001 0.002 –0.001 0.002 –0.001
NaD 0.204 –0.025 0.208 –0.023 0.207 –0.022 0.211 –0.023 –0.027 –0.002 –0.005 –0.003 0.015 –0.006 –0.136 –0.002 –0.102 –0.001 –0.075 –0.001
TiO1 0.002 0.000 0.002 0.000 0.001 0.000 0.001 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.003 0.000
TiO2 0.003 0.000 0.002 0.000 0.002 0.000 0.001 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.004 0.000 0.004 0.000 0.004 0.000
HδA 8.793 0.025 9.333 0.014 8.945 0.016 8.122 0.020 6.439 0.035 11.040 0.040 15.300 0.010 4.092 0.042 7.384 0.058 11.030 0.060
HγA 8.480 –0.025 9.105 –0.041 8.839 –0.052 8.074 –0.056 6.535 0.014 11.160 0.020 15.470 –0.010 4.072 0.045 7.340 0.056 11.050 0.060
HδF 7.516 0.019 7.457 0.017 6.984 0.019 6.336 0.020 5.851 0.026 8.936 0.019 10.450 –0.010 3.742 0.036 6.279 0.042 8.366 0.029
HγF 7.326 0.017 7.349 0.004 6.935 –0.007 6.320 –0.012 5.915 0.020 8.826 0.016 10.300 –0.010 3.819 0.041 6.229 0.043 8.238 0.030
D4000 1.234 0.004 1.293 0.003 1.311 0.003 1.311 0.003 1.079 0.001 1.197 0.002 1.376 0.001 1.017 –0.001 1.082 0.001 1.185 0.001
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Table A.3. 1-A˚ resolution spectra: Isol and Ienh − Isol for [Z/Z⊙]=–1.0
Teff 4000 5250
log g 1.5 2.5 3.5 4.5 1.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 0.135 –0.035 0.120 –0.009 0.090 0.010 0.045 0.024 –0.042 0.004 –0.043 0.002 –0.041 0.002 –0.040 0.006
CN2 0.222 –0.034 0.226 –0.010 0.212 0.006 0.164 0.022 –0.017 0.007 –0.022 0.006 –0.024 0.007 –0.025 0.013
Ca4227 2.303 1.585 3.863 1.269 5.836 0.849 6.731 0.690 0.209 0.214 0.037 0.349 0.053 0.491 0.441 0.628
G4300 8.401 –0.815 8.144 –1.093 7.652 –1.107 5.594 –0.631 7.032 –0.867 7.585 –0.727 7.819 –0.699 8.264 –0.965
Fe4383 7.784 –1.785 8.451 –2.249 8.915 –2.474 7.486 –1.979 2.710 –0.531 3.193 –0.819 3.800 –1.187 4.728 –1.719
Ca4455 2.336 –0.178 2.440 –0.210 2.460 –0.199 2.109 –0.145 0.849 –0.076 0.782 –0.066 0.731 –0.043 0.747 –0.031
Fe4531 4.905 –0.269 4.668 –0.313 4.577 –0.309 4.168 –0.206 3.000 –0.205 2.874 –0.221 2.712 –0.238 2.604 –0.285
C24668 2.269 –0.398 1.376 0.007 0.722 0.522 0.103 0.744 0.512 –0.146 0.478 –0.157 0.436 –0.147 0.377 –0.093
Hβ 0.031 0.082 –0.326 0.114 –0.593 0.189 –0.669 0.163 1.870 0.119 1.539 0.116 1.247 0.120 1.027 0.118
Fe5015 5.780 –0.627 4.799 –0.553 4.258 –0.374 3.256 –0.238 4.109 –0.313 3.888 –0.300 3.713 –0.336 3.618 –0.454
Mg1 0.195 0.019 0.286 0.022 0.370 0.030 0.399 0.055 0.010 –0.003 0.009 –0.003 0.008 0.000 0.009 0.007
Mg2 0.331 0.047 0.482 0.057 0.624 0.075 0.630 0.102 0.045 0.002 0.056 0.008 0.085 0.017 0.142 0.035
Mgb 3.380 0.979 4.998 1.164 6.022 1.365 5.153 1.310 0.306 0.292 0.795 0.456 1.852 0.711 3.595 1.099
Fe5270 3.586 –0.319 3.870 –0.426 4.204 –0.523 4.004 –0.465 1.485 –0.023 1.521 –0.049 1.690 –0.121 2.041 –0.241
Fe5335 3.744 –0.415 3.899 –0.584 4.054 –0.732 3.670 –0.693 1.650 –0.110 1.738 –0.148 1.873 –0.215 2.138 –0.329
Fe5406 2.272 –0.311 2.584 –0.444 2.894 –0.534 2.728 –0.489 0.706 –0.118 0.772 –0.135 0.918 –0.190 1.188 –0.290
Fe5709 1.324 –0.059 1.161 –0.064 0.950 –0.066 0.607 –0.049 0.488 –0.086 0.499 –0.090 0.500 –0.095 0.479 –0.099
Fe5782 0.833 –0.189 0.775 –0.223 0.626 –0.243 0.401 –0.201 0.136 –0.023 0.150 –0.027 0.155 –0.030 0.153 –0.032
NaD 2.448 –0.602 3.908 –0.982 6.147 –1.512 7.656 –1.691 0.423 –0.078 0.513 –0.114 0.765 –0.185 1.309 –0.301
TiO1 0.011 0.004 0.011 0.010 0.016 0.022 0.012 0.025 0.002 0.000 0.002 0.000 0.002 0.000 0.001 0.000
TiO2 0.039 –0.001 0.038 0.010 0.045 0.029 0.035 0.035 0.009 –0.001 0.008 –0.001 0.007 –0.001 0.006 –0.001
HδA –7.093 2.637 –6.977 2.633 –6.823 2.498 –4.447 1.569 –0.614 0.543 –1.117 0.743 –1.995 1.060 –3.473 1.628
HγA –10.740 0.837 –11.950 1.510 –12.810 1.840 –10.640 1.435 –4.985 0.993 –5.887 0.920 –6.744 1.017 –8.246 1.565
HδF –3.441 0.650 –3.515 0.799 –3.443 0.907 –2.226 0.679 0.342 0.310 0.139 0.344 –0.224 0.434 –0.844 0.652
HγF –3.662 0.448 –4.236 0.666 –4.582 0.740 –3.715 0.551 –0.751 0.502 –1.488 0.518 –2.161 0.574 –3.076 0.836
D4000 2.938 –0.247 2.847 –0.345 2.905 –0.392 2.655 –0.281 1.649 –0.010 1.617 –0.035 1.662 –0.064 1.790 –0.108
Teff 7250 10000 13000
log g 1.5 2.5 3.5 4.5 2.5 3.5 4.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 –0.173 0.000 –0.191 0.001 –0.184 0.000 –0.169 0.000 –0.125 0.000 –0.229 0.000 –0.342 0.001 –0.073 0.001 –0.144 0.000 –0.231 0.000
CN2 –0.080 0.000 –0.106 0.001 –0.106 0.000 –0.097 0.000 –0.039 0.001 –0.131 0.000 –0.255 0.002 –0.013 0.000 –0.065 0.000 –0.148 0.001
Ca4227 0.122 0.003 0.121 0.007 0.123 0.010 0.141 0.016 0.049 –0.010 0.044 –0.008 0.051 –0.004 0.041 –0.014 0.040 –0.015 0.029 –0.013
G4300 –0.758 0.142 –1.086 0.147 –1.093 0.128 –0.933 0.107 –0.729 0.058 –2.310 0.059 –3.928 0.077 –0.431 0.008 –1.281 0.011 –2.554 0.013
Fe4383 0.328 0.079 –0.313 0.049 –0.620 0.005 –0.694 –0.036 –0.057 –0.015 –0.861 –0.029 –3.055 –0.017 0.137 –0.016 –0.228 –0.010 –1.241 0.001
Ca4455 0.155 –0.008 0.133 –0.006 0.125 –0.007 0.140 –0.015 –0.025 0.006 –0.037 –0.001 –0.055 –0.008 0.221 –0.019 0.204 –0.024 0.178 –0.028
Fe4531 1.166 –0.092 1.040 –0.087 0.896 –0.090 0.772 –0.098 0.229 –0.045 0.183 –0.041 0.155 –0.041 0.104 –0.019 0.105 –0.024 0.081 –0.022
C24668 –0.301 0.109 –0.262 0.097 –0.208 0.079 –0.127 0.058 –0.155 0.074 –0.096 0.060 –0.118 0.052 –0.019 0.062 0.007 0.041 0.031 0.024
Hβ 7.340 0.027 7.346 0.002 6.903 –0.015 6.320 –0.028 5.968 0.033 8.721 0.048 9.760 0.003 3.830 –0.024 6.103 –0.008 7.948 –0.003
Fe5015 1.061 –0.242 1.057 –0.248 1.006 –0.243 0.952 –0.234 0.026 –0.087 0.036 –0.073 –0.015 –0.066 0.069 –0.082 0.019 –0.093 –0.009 –0.090
Mg1 –0.002 0.000 –0.005 0.000 –0.007 0.000 –0.008 0.000 0.006 0.000 0.003 0.000 –0.008 0.001 0.007 0.000 0.007 0.000 0.003 0.000
Mg2 0.024 –0.001 0.021 0.000 0.018 0.000 0.020 0.002 0.010 0.001 0.010 0.001 0.003 0.001 0.009 0.000 0.009 0.000 0.007 0.000
Mgb 0.463 0.119 0.443 0.134 0.446 0.154 0.548 0.211 0.085 0.048 0.149 0.053 0.221 0.044 0.026 0.002 0.043 0.006 0.057 0.004
Fe5270 0.387 –0.016 0.405 0.004 0.410 0.020 0.419 0.032 –0.010 0.004 –0.011 0.011 –0.003 0.011 0.008 0.002 0.009 0.003 0.009 0.004
Fe5335 0.593 –0.069 0.628 –0.067 0.635 –0.061 0.630 –0.055 0.088 –0.011 0.078 –0.014 0.078 –0.016 0.061 0.002 0.051 –0.004 0.037 –0.005
Fe5406 0.129 –0.071 0.181 –0.073 0.223 –0.069 0.251 –0.061 0.023 –0.005 0.015 –0.002 0.012 –0.001 0.019 –0.003 0.020 –0.002 0.016 –0.001
Fe5709 0.023 0.004 0.040 0.001 0.051 –0.003 0.056 –0.007 0.000 0.002 0.001 0.001 0.002 0.001 0.001 0.002 0.001 0.002 0.002 0.001
Fe5782 0.014 –0.002 0.014 –0.002 0.013 –0.001 0.013 –0.001 0.008 –0.005 0.005 –0.002 0.003 –0.001 0.007 –0.005 0.007 –0.005 0.005 –0.003
NaD 0.244 –0.015 0.241 –0.013 0.237 –0.014 0.247 –0.018 –0.017 –0.006 0.012 –0.007 0.047 –0.014 –0.138 –0.002 –0.106 0.000 –0.078 0.001
TiO1 0.003 0.000 0.002 0.000 0.002 0.000 0.001 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.004 0.000 0.004 0.000 0.004 0.000
TiO2 0.004 0.000 0.004 0.000 0.003 0.000 0.002 0.000 0.004 0.000 0.004 0.000 0.003 0.000 0.004 0.000 0.004 0.000 0.004 0.000
HδA 8.520 0.091 9.237 0.041 8.883 0.043 8.110 0.055 6.347 0.001 10.910 0.020 15.250 –0.030 4.058 –0.048 7.329 –0.035 10.970 –0.030
HγA 8.217 –0.044 8.955 –0.067 8.707 –0.058 7.983 –0.050 6.427 –0.028 11.020 –0.010 15.420 –0.060 4.061 –0.036 7.297 –0.028 10.990 –0.020
HδF 7.345 0.095 7.368 0.071 6.920 0.071 6.304 0.072 5.775 0.005 8.850 0.026 10.420 0.000 3.703 –0.033 6.221 –0.018 8.304 –0.010
HγF 7.294 0.021 7.374 –0.007 6.977 –0.017 6.384 –0.022 5.864 0.005 8.764 0.021 10.290 –0.010 3.825 –0.033 6.206 –0.018 8.201 –0.009
D4000 1.264 0.005 1.323 0.004 1.340 0.002 1.341 0.003 1.079 0.000 1.196 0.001 1.378 –0.001 1.016 –0.001 1.081 0.000 1.183 0.000
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Table A.4. 1-A˚ resolution spectra: Isol and Ienh − Isol for [Z/Z⊙]=–0.5
Teff 4000 5250
log g 1.5 2.5 3.5 4.5 1.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 0.185 –0.068 0.151 –0.039 0.099 –0.012 0.030 0.014 –0.027 –0.016 –0.021 –0.020 –0.019 –0.018 –0.022 –0.011
CN2 0.284 –0.070 0.267 –0.045 0.235 –0.024 0.164 0.005 0.000 –0.012 0.004 –0.016 0.005 –0.014 0.003 –0.004
Ca4227 4.300 1.463 5.563 1.079 7.370 0.508 8.053 0.327 0.104 0.544 –0.081 0.706 –0.010 0.848 0.605 0.963
G4300 8.423 –0.636 8.049 –0.877 7.884 –0.959 6.068 –0.184 7.898 –0.571 8.050 –0.484 8.039 –0.538 8.219 –0.820
Fe4383 9.299 –2.023 9.703 –2.495 10.640 –3.086 9.187 –2.427 3.774 –0.769 4.371 –1.052 5.023 –1.403 6.104 –2.018
Ca4455 2.945 –0.197 3.024 –0.213 3.204 –0.267 2.847 –0.187 1.178 –0.054 1.133 –0.071 1.118 –0.078 1.176 –0.077
Fe4531 6.042 –0.260 5.709 –0.362 5.819 –0.518 5.348 –0.312 3.951 –0.320 3.826 –0.346 3.683 –0.385 3.597 –0.439
C24668 3.171 –0.498 2.070 0.433 1.529 1.473 0.943 2.030 1.527 –0.495 1.490 –0.551 1.304 –0.487 1.047 –0.327
Hβ –0.097 0.155 –0.429 0.270 –0.680 0.483 –0.797 0.548 2.064 0.131 1.755 0.112 1.436 0.116 1.149 0.119
Fe5015 7.168 –0.487 6.287 –0.351 6.154 –0.177 5.004 0.237 5.867 –0.413 5.495 –0.388 5.216 –0.441 5.107 –0.630
Mg1 0.258 0.006 0.330 0.006 0.419 0.002 0.465 0.035 0.027 –0.008 0.027 –0.009 0.024 –0.004 0.026 0.009
Mg2 0.432 0.046 0.568 0.052 0.728 0.047 0.751 0.092 0.070 0.000 0.085 0.007 0.124 0.021 0.203 0.045
Mgb 4.242 1.326 5.729 1.398 6.816 1.346 5.959 1.421 0.489 0.324 1.105 0.562 2.487 0.898 4.763 1.329
Fe5270 4.333 –0.450 4.473 –0.554 4.927 –0.718 4.839 –0.570 2.241 –0.089 2.280 –0.139 2.482 –0.221 2.927 –0.348
Fe5335 4.798 –0.616 4.829 –0.833 5.076 –1.135 4.618 –1.009 2.292 –0.155 2.472 –0.222 2.701 –0.323 3.097 –0.474
Fe5406 2.952 –0.449 3.187 –0.570 3.595 –0.730 3.421 –0.598 1.024 –0.150 1.121 –0.175 1.304 –0.241 1.673 –0.370
Fe5709 1.768 –0.080 1.545 –0.088 1.320 –0.097 0.925 –0.041 0.854 –0.112 0.847 –0.117 0.834 –0.124 0.801 –0.132
Fe5782 1.224 –0.250 1.103 –0.316 0.912 –0.400 0.627 –0.384 0.300 –0.039 0.326 –0.048 0.335 –0.055 0.337 –0.063
NaD 3.782 –0.942 5.376 –1.401 8.272 –2.283 10.170 –2.429 0.604 –0.136 0.738 –0.189 1.093 –0.283 1.855 –0.438
TiO1 0.019 0.012 0.025 0.028 0.043 0.049 0.042 0.064 0.002 0.001 0.002 0.001 0.002 0.001 0.002 0.001
TiO2 0.059 0.010 0.066 0.035 0.091 0.066 0.086 0.089 0.015 –0.002 0.013 –0.002 0.012 –0.002 0.011 –0.002
HδA –9.627 3.438 –8.909 3.245 –8.914 3.206 –6.115 1.728 –1.726 0.898 –2.217 1.185 –3.101 1.576 –4.768 2.248
HγA –12.710 0.960 –13.440 1.620 –14.850 2.250 –12.740 1.290 –6.216 0.779 –6.763 0.764 –7.451 0.973 –8.910 1.639
HδF –4.793 0.902 –4.506 0.975 –4.404 1.113 –3.000 0.722 –0.016 0.310 –0.109 0.351 –0.402 0.466 –1.066 0.732
HγF –4.253 0.517 –4.545 0.632 –4.960 0.688 –4.198 0.307 –1.043 0.438 –1.582 0.432 –2.147 0.526 –2.979 0.801
D4000 3.370 –0.298 3.158 –0.379 3.235 –0.471 2.936 –0.324 1.894 –0.034 1.821 –0.055 1.857 –0.089 2.017 –0.155
Teff 7250 10000 13000
log g 1.5 2.5 3.5 4.5 2.5 3.5 4.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 –0.164 –0.002 –0.188 0.000 –0.183 0.001 –0.171 0.002 –0.123 0.002 –0.228 0.003 –0.341 0.004 –0.070 0.001 –0.141 0.001 –0.227 0.001
CN2 –0.071 –0.001 –0.102 0.001 –0.103 0.001 –0.098 0.001 –0.037 0.002 –0.129 0.003 –0.253 0.004 –0.011 0.001 –0.062 0.001 –0.144 0.001
Ca4227 0.179 –0.004 0.165 0.013 0.159 0.026 0.185 0.044 0.043 –0.003 0.046 0.002 0.070 –0.001 0.057 –0.013 0.056 –0.013 0.047 –0.015
G4300 –0.385 0.181 –0.707 0.169 –0.679 0.133 –0.466 0.082 –0.622 0.107 –2.186 0.124 –3.831 0.138 –0.442 0.002 –1.256 0.017 –2.502 0.023
Fe4383 0.474 0.158 –0.194 0.126 –0.488 0.055 –0.549 –0.050 0.027 0.009 –0.723 –0.016 –2.892 0.010 0.200 –0.019 –0.154 –0.008 –1.142 0.001
Ca4455 0.345 –0.017 0.305 –0.024 0.260 –0.021 0.229 –0.016 –0.048 0.004 –0.062 –0.004 –0.081 –0.016 0.199 –0.009 0.187 –0.017 0.160 –0.025
Fe4531 1.769 –0.132 1.655 –0.113 1.476 –0.096 1.302 –0.095 0.373 –0.055 0.320 –0.057 0.286 –0.066 0.179 –0.020 0.183 –0.028 0.149 –0.029
C24668 –0.189 0.068 –0.174 0.051 –0.173 0.050 –0.131 0.050 –0.363 0.109 –0.252 0.096 –0.225 0.091 –0.195 0.103 –0.147 0.075 –0.080 0.051
Hβ 7.475 0.065 7.506 0.034 7.085 0.007 6.512 –0.013 6.012 –0.013 8.802 –0.029 9.835 –0.050 3.760 –0.035 6.024 –0.021 7.885 –0.025
Fe5015 2.144 –0.429 2.125 –0.411 2.005 –0.383 1.876 –0.357 0.028 –0.118 0.031 –0.104 –0.010 –0.104 0.059 –0.098 –0.019 –0.115 –0.068 –0.122
Mg1 0.001 –0.002 –0.003 –0.002 –0.006 –0.002 –0.007 –0.002 0.007 0.000 0.003 0.000 –0.009 0.001 0.008 –0.001 0.007 –0.001 0.003 0.000
Mg2 0.030 –0.002 0.026 –0.001 0.025 0.001 0.029 0.003 0.012 0.001 0.012 0.001 0.005 0.001 0.009 0.000 0.009 0.000 0.007 0.000
Mgb 0.361 0.176 0.340 0.202 0.403 0.234 0.666 0.328 0.113 0.079 0.214 0.073 0.297 0.059 –0.031 0.021 0.005 0.027 0.045 0.029
Fe5270 0.753 0.004 0.776 0.027 0.772 0.047 0.773 0.068 0.037 –0.014 0.019 0.002 0.028 0.008 0.026 –0.003 0.029 0.000 0.024 0.007
Fe5335 0.856 –0.058 0.941 –0.058 0.994 –0.051 1.036 –0.035 0.134 0.005 0.139 –0.005 0.157 –0.015 0.114 0.013 0.092 0.007 0.073 0.001
Fe5406 0.269 –0.088 0.326 –0.093 0.378 –0.094 0.426 –0.085 0.064 –0.018 0.043 –0.009 0.034 –0.003 0.049 –0.009 0.054 –0.009 0.043 –0.003
Fe5709 0.063 0.009 0.106 0.000 0.131 –0.009 0.142 –0.018 –0.004 0.005 –0.001 0.003 0.002 0.003 –0.002 0.005 –0.001 0.004 0.000 0.003
Fe5782 0.038 –0.007 0.038 –0.005 0.037 –0.003 0.037 –0.002 0.022 –0.013 0.013 –0.007 0.008 –0.004 0.017 –0.014 0.018 –0.014 0.013 –0.010
NaD 0.284 –0.017 0.278 –0.021 0.276 –0.026 0.303 –0.038 0.016 –0.020 0.055 –0.021 0.100 –0.027 –0.126 –0.013 –0.097 –0.010 –0.071 –0.007
TiO1 0.003 0.000 0.003 0.000 0.002 0.000 0.002 0.000 0.005 0.000 0.004 0.000 0.003 0.000 0.005 0.000 0.005 0.000 0.005 0.000
TiO2 0.006 0.000 0.005 –0.001 0.004 –0.001 0.003 0.000 0.005 0.000 0.004 0.000 0.004 0.000 0.004 0.000 0.004 0.000 0.004 0.000
HδA 8.149 0.156 9.134 0.076 8.816 0.071 8.145 0.074 6.211 –0.026 10.810 –0.050 15.170 –0.100 3.907 –0.063 7.156 –0.057 10.790 –0.050
HγA 7.962 –0.101 8.821 –0.107 8.567 –0.070 7.856 –0.017 6.290 –0.086 10.910 –0.110 15.340 –0.170 3.948 –0.043 7.146 –0.048 10.830 –0.060
HδF 7.113 0.172 7.253 0.133 6.843 0.122 6.284 0.116 5.693 –0.022 8.820 –0.030 10.420 –0.050 3.578 –0.043 6.089 –0.034 8.191 –0.030
HγF 7.270 0.008 7.414 –0.018 7.030 –0.021 6.447 –0.012 5.817 –0.021 8.768 –0.040 10.310 –0.060 3.750 –0.040 6.115 –0.032 8.122 –0.030
D4000 1.307 0.011 1.368 0.009 1.383 0.007 1.386 0.007 1.081 –0.001 1.198 –0.001 1.381 –0.005 1.014 0.000 1.078 0.000 1.178 0.000
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Table A.5. 1-A˚ resolution spectra: Isol and Ienh − Isol for [Z/Z⊙]=0.0
Teff 4000 5250
log g 1.5 2.5 3.5 4.5 1.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 0.217 –0.091 0.172 –0.067 0.101 –0.038 0.011 –0.005 0.040 –0.070 0.044 –0.071 0.039 –0.064 0.024 –0.049
CN2 0.321 –0.093 0.292 –0.074 0.240 –0.052 0.158 –0.019 0.072 –0.068 0.078 –0.069 0.075 –0.062 0.064 –0.045
Ca4227 6.577 0.874 7.137 0.647 8.055 0.300 8.432 0.090 –0.177 1.077 –0.282 1.232 –0.092 1.349 0.819 1.404
G4300 8.600 –0.339 8.095 –0.599 7.883 –0.690 6.955 –0.079 8.237 –0.176 8.215 –0.205 8.086 –0.325 8.044 –0.593
Fe4383 10.690 –2.075 10.630 –2.600 11.420 –3.313 11.040 –3.199 4.687 –0.765 5.353 –1.059 6.143 –1.485 7.492 –2.252
Ca4455 3.584 –0.245 3.610 –0.257 3.793 –0.327 3.638 –0.344 1.581 –0.044 1.525 –0.066 1.556 –0.101 1.678 –0.131
Fe4531 7.479 –0.284 6.877 –0.456 6.893 –0.766 6.770 –0.793 4.954 –0.445 4.813 –0.477 4.684 –0.525 4.651 –0.598
C24668 4.429 –0.705 3.297 1.105 3.275 2.817 3.061 4.161 3.499 –1.371 3.402 –1.448 2.862 –1.201 2.172 –0.787
Hβ –0.282 0.363 –0.416 0.617 –0.406 0.992 –0.500 1.324 2.335 0.100 2.057 0.069 1.732 0.064 1.394 0.081
Fe5015 9.264 –0.257 8.431 –0.094 8.513 0.092 7.735 0.678 7.815 –0.519 7.273 –0.494 6.883 –0.573 6.739 –0.830
Mg1 0.313 –0.018 0.356 –0.020 0.411 –0.029 0.494 –0.020 0.065 –0.026 0.064 –0.026 0.056 –0.016 0.056 0.006
Mg2 0.546 0.039 0.651 0.030 0.769 0.005 0.844 0.012 0.115 –0.008 0.131 0.001 0.179 0.021 0.283 0.051
Mgb 5.377 1.756 6.634 1.538 7.380 1.237 6.719 1.133 0.817 0.470 1.494 0.773 3.221 1.178 6.049 1.538
Fe5270 5.108 –0.615 5.052 –0.716 5.394 –0.901 5.649 –0.878 3.167 –0.174 3.207 –0.250 3.429 –0.331 3.943 –0.445
Fe5335 5.999 –0.883 5.788 –1.179 5.826 –1.600 5.614 –1.712 3.177 –0.239 3.432 –0.324 3.752 –0.444 4.281 –0.635
Fe5406 3.690 –0.552 3.812 –0.648 4.154 –0.817 4.233 –0.789 1.395 –0.168 1.555 –0.210 1.795 –0.283 2.245 –0.423
Fe5709 2.229 –0.111 1.926 –0.133 1.638 –0.142 1.276 –0.077 1.349 –0.126 1.304 –0.129 1.262 –0.134 1.209 –0.146
Fe5782 1.631 –0.301 1.390 –0.420 1.064 –0.562 0.756 –0.645 0.567 –0.040 0.606 –0.058 0.618 –0.071 0.627 –0.092
NaD 5.637 –1.480 7.003 –2.014 9.514 –3.029 11.970 –3.856 0.947 –0.221 1.117 –0.288 1.582 –0.400 2.609 –0.602
TiO1 0.038 0.031 0.061 0.058 0.102 0.086 0.120 0.110 0.000 0.002 0.002 0.002 0.002 0.001 0.003 0.001
TiO2 0.099 0.035 0.128 0.073 0.181 0.104 0.202 0.134 0.020 –0.003 0.019 –0.003 0.017 –0.003 0.016 –0.004
HδA –12.470 4.156 –10.890 3.826 –10.490 3.661 –8.413 2.324 –3.616 1.733 –4.036 2.078 –4.828 2.485 –6.483 3.176
HγA –15.470 1.110 –15.280 1.720 –16.180 2.340 –15.480 1.640 –7.064 0.432 –7.541 0.597 –8.221 0.943 –9.693 1.742
HδF –6.436 1.389 –5.616 1.349 –5.096 1.341 –3.864 0.994 –0.468 0.405 –0.490 0.481 –0.697 0.602 –1.324 0.880
HγF –5.294 0.681 –5.126 0.633 –5.272 0.545 –4.960 0.129 –1.180 0.396 –1.662 0.434 –2.177 0.549 –2.919 0.824
D4000 3.942 –0.395 3.480 –0.410 3.420 –0.473 3.223 –0.395 2.186 –0.013 2.059 –0.041 2.077 –0.086 2.262 –0.176
Teff 7250
log g 1.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 –0.155 –0.004 –0.188 –0.001 –0.183 0.000 –0.177 0.002
CN2 –0.063 –0.002 –0.103 0.000 –0.103 0.001 –0.102 0.002
Ca4227 0.324 –0.066 0.274 –0.022 0.241 0.020 0.270 0.063
G4300 0.030 0.217 –0.280 0.166 –0.139 0.091 0.182 –0.007
Fe4383 0.463 0.248 –0.182 0.198 –0.352 0.107 –0.352 –0.048
Ca4455 0.558 –0.032 0.508 –0.051 0.446 –0.056 0.390 –0.052
Fe4531 2.486 –0.222 2.433 –0.206 2.261 –0.184 2.062 –0.159
C24668 –0.073 0.094 –0.014 0.055 –0.022 0.042 –0.026 0.049
Hβ 7.576 0.099 7.679 0.074 7.305 0.045 6.765 0.032
Fe5015 3.734 –0.651 3.671 –0.601 3.439 –0.546 3.209 –0.501
Mg1 0.005 –0.004 0.001 –0.004 –0.003 –0.003 –0.006 –0.003
Mg2 0.039 –0.004 0.034 –0.002 0.033 0.001 0.041 0.005
Mgb 0.280 0.168 0.237 0.216 0.375 0.291 0.888 0.441
Fe5270 1.246 0.023 1.312 0.037 1.323 0.064 1.352 0.104
Fe5335 1.176 –0.062 1.315 –0.050 1.446 –0.042 1.604 –0.019
Fe5406 0.510 –0.136 0.550 –0.120 0.584 –0.100 0.644 –0.078
Fe5709 0.157 0.010 0.241 –0.006 0.287 –0.019 0.307 –0.030
Fe5782 0.096 –0.016 0.097 –0.010 0.095 –0.005 0.094 –0.002
NaD 0.352 –0.037 0.346 –0.048 0.351 –0.059 0.413 –0.082
TiO1 0.004 0.000 0.003 0.000 0.003 0.000 0.003 0.000
TiO2 0.009 –0.001 0.008 –0.001 0.007 –0.001 0.006 –0.001
HδA 7.635 0.195 9.043 0.106 8.728 0.085 8.206 0.104
HγA 7.725 –0.231 8.786 –0.194 8.413 –0.110 7.676 0.031
HδF 6.810 0.215 7.155 0.164 6.776 0.138 6.306 0.137
HγF 7.249 –0.048 7.494 –0.053 7.096 –0.043 6.517 0.003
D4000 1.371 0.023 1.439 0.020 1.449 0.016 1.458 0.014
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Table A.6. Spectra degraded to the Lick resolution: Isol and Ienh − Isol for [Z/Z⊙]=–2.0
Teff 4000 5250
log g 1.5 2.5 3.5 4.5 1.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 0.013 0.014 0.022 0.036 0.018 0.042 0.018 0.053 –0.032 0.008 –0.037 0.010 –0.044 0.011 –0.051 0.013
CN2 0.057 0.018 0.086 0.042 0.086 0.048 0.103 0.059 –0.013 0.008 –0.022 0.010 –0.034 0.011 –0.046 0.014
Ca4227 0.233 0.314 0.870 0.405 1.559 0.245 2.759 0.240 0.101 –0.005 0.095 0.025 0.123 0.066 0.228 0.102
G4300 7.895 –0.940 8.195 –1.339 6.921 –1.623 5.957 –1.885 2.689 –0.938 4.085 –1.002 5.413 –0.942 6.552 –1.149
Fe4383 4.497 –1.440 5.123 –1.643 4.775 –1.640 5.085 –1.614 1.016 –0.210 1.025 –0.365 1.242 –0.539 1.671 –0.728
Ca4455 0.765 –0.146 0.803 –0.167 0.668 –0.202 0.671 –0.204 0.222 –0.062 0.196 –0.046 0.178 –0.050 0.173 –0.058
Fe4531 2.854 –0.328 2.748 –0.314 2.433 –0.379 2.545 –0.358 1.019 –0.147 0.926 –0.151 0.845 –0.167 0.771 –0.194
C24668 0.701 –0.131 0.331 –0.104 0.034 –0.072 –0.217 –0.049 0.032 0.030 0.036 0.023 0.040 0.016 0.042 0.025
Hβ 0.237 0.060 0.049 0.057 –0.097 0.053 –0.198 –0.013 1.671 –0.036 1.424 –0.036 1.221 –0.028 1.108 –0.029
Fe5015 3.121 –0.432 2.263 –0.553 1.659 –0.589 1.170 –0.570 1.217 –0.355 1.154 –0.335 1.069 –0.318 0.924 –0.308
Mg1 0.075 0.008 0.162 0.028 0.188 0.026 0.271 0.042 –0.004 –0.003 –0.003 –0.002 –0.004 –0.002 –0.004 –0.001
Mg2 0.165 0.017 0.303 0.042 0.353 0.034 0.459 0.039 0.022 –0.001 0.026 –0.001 0.036 0.000 0.056 0.001
Mgb 1.996 0.333 3.599 0.560 4.096 0.494 4.431 0.292 0.361 0.131 0.515 0.132 0.937 0.171 1.681 0.227
Fe5270 1.895 –0.262 2.244 –0.336 2.209 –0.430 2.382 –0.520 0.484 –0.080 0.500 –0.093 0.541 –0.124 0.621 –0.183
Fe5335 1.756 –0.295 1.986 –0.355 1.954 –0.456 2.197 –0.571 0.615 –0.102 0.606 –0.117 0.616 –0.148 0.672 –0.206
Fe5406 1.099 –0.247 1.362 –0.308 1.394 –0.371 1.595 –0.461 0.276 –0.109 0.311 –0.104 0.345 –0.107 0.394 –0.134
Fe5709 0.561 –0.121 0.478 –0.118 0.310 –0.124 0.189 –0.092 0.077 –0.063 0.084 –0.067 0.083 –0.067 0.072 –0.064
Fe5782 0.200 –0.130 0.191 –0.129 0.120 –0.102 0.083 –0.066 0.014 –0.018 0.015 –0.020 0.015 –0.020 0.013 –0.018
NaD 0.991 –0.398 1.818 –0.662 2.510 –1.012 4.250 –1.504 0.278 –0.031 0.299 –0.045 0.387 –0.088 0.601 –0.175
TiO1 0.002 0.000 0.002 –0.001 0.000 –0.004 –0.001 –0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TiO2 0.014 –0.006 0.013 –0.006 0.009 –0.010 0.005 –0.012 0.001 –0.002 0.001 –0.001 0.000 –0.001 0.000 –0.001
HδA –3.253 1.805 –3.441 1.949 –3.017 1.918 –2.701 1.851 0.851 0.215 0.413 0.248 –0.226 0.358 –0.962 0.551
HγA –8.226 1.061 –9.946 1.640 –9.170 2.170 –9.156 2.499 –1.062 0.979 –2.646 1.110 –4.342 1.143 –5.971 1.482
HδF –1.607 0.694 –1.777 0.775 –1.616 0.842 –1.463 0.859 0.979 0.206 0.697 0.185 0.329 0.201 –0.033 0.257
HγF –2.862 0.398 –3.692 0.718 –3.563 0.977 –3.549 1.164 0.608 0.416 –0.280 0.489 –1.272 0.518 –2.189 0.682
D4000 2.428 –0.257 2.336 –0.300 2.275 –0.286 2.305 –0.281 1.408 –0.028 1.382 –0.026 1.399 –0.028 1.453 –0.037
Teff 7250 10000 13000
log g 1.5 2.5 3.5 4.5 2.5 3.5 4.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 –0.183 0.000 –0.194 0.000 –0.186 0.000 –0.169 0.001 –0.128 –0.001 –0.230 –0.002 –0.335 –0.001 –0.077 –0.001 –0.147 –0.001 –0.230 –0.002
CN2 –0.121 –0.001 –0.136 0.000 –0.133 0.000 –0.120 0.000 –0.073 –0.001 –0.162 –0.002 –0.269 –0.001 –0.039 –0.001 –0.094 –0.001 –0.170 –0.002
Ca4227 0.033 0.004 0.043 0.000 0.049 –0.002 0.057 –0.004 0.011 –0.005 0.006 –0.005 0.001 –0.005 0.005 –0.004 0.004 –0.003 0.001 –0.002
G4300 –1.751 0.027 –2.028 0.029 –2.019 0.011 –1.828 –0.014 –1.284 –0.026 –2.806 –0.032 –4.113 –0.012 –0.729 –0.002 –1.655 –0.012 –2.841 –0.022
Fe4383 –0.278 –0.133 –0.768 –0.104 –0.955 –0.076 –0.897 –0.045 –0.224 –0.023 –1.179 –0.034 –3.441 –0.042 0.047 –0.008 –0.383 –0.013 –1.480 –0.023
Ca4455 –0.019 –0.031 –0.002 –0.029 0.015 –0.020 0.025 –0.014 0.020 –0.006 0.008 –0.006 –0.004 –0.005 0.191 –0.007 0.177 –0.008 0.158 –0.005
Fe4531 0.235 –0.103 0.201 –0.106 0.167 –0.099 0.135 –0.091 0.042 –0.020 0.027 –0.018 0.020 –0.015 0.021 –0.011 0.020 –0.010 0.015 –0.007
C24668 –0.097 0.054 –0.067 0.042 –0.046 0.029 –0.025 0.017 0.062 0.025 0.053 0.015 –0.021 0.007 0.151 0.023 0.126 0.013 0.100 0.005
Hβ 6.907 –0.029 6.887 –0.036 6.453 –0.042 5.891 –0.047 5.909 0.020 8.482 0.020 9.361 –0.009 3.818 0.021 5.999 0.029 7.712 0.032
Fe5015 0.189 –0.108 0.147 –0.111 0.110 –0.110 0.086 –0.108 0.080 –0.021 0.053 –0.017 –0.030 –0.015 0.156 –0.025 0.107 –0.019 0.059 –0.010
Mg1 0.000 0.001 –0.003 0.001 –0.005 0.001 –0.006 0.001 0.007 0.000 0.004 0.000 –0.008 0.000 0.008 0.000 0.007 0.000 0.003 0.000
Mg2 0.015 0.001 0.012 0.000 0.009 0.000 0.009 –0.001 0.009 0.000 0.007 0.000 –0.001 –0.001 0.009 0.000 0.009 0.000 0.006 0.000
Mgb 0.365 0.055 0.367 0.048 0.364 0.038 0.375 0.019 0.066 –0.009 0.069 –0.017 0.077 –0.018 0.034 –0.006 0.035 –0.009 0.027 –0.012
Fe5270 0.056 –0.049 0.073 –0.052 0.087 –0.052 0.096 –0.054 0.006 –0.001 0.006 –0.001 0.006 –0.001 0.008 –0.002 0.009 –0.002 0.009 –0.002
Fe5335 0.103 –0.059 0.108 –0.068 0.109 –0.072 0.110 –0.074 0.007 –0.004 0.006 –0.004 0.006 –0.004 0.007 –0.004 0.006 –0.003 0.005 –0.002
Fe5406 0.023 –0.025 0.037 –0.030 0.048 –0.035 0.054 –0.039 0.003 –0.002 0.002 –0.001 0.003 –0.001 0.003 –0.001 0.003 –0.002 0.003 –0.002
Fe5709 0.002 –0.002 0.004 –0.004 0.005 –0.005 0.005 –0.006 0.002 0.000 0.002 0.000 0.002 0.000 0.002 0.000 0.002 0.000 0.002 0.000
Fe5782 0.001 –0.001 0.001 –0.001 0.001 –0.001 0.001 –0.001 0.001 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001 0.000
NaD 0.145 –0.035 0.155 –0.031 0.158 –0.029 0.161 –0.029 –0.010 –0.002 0.000 –0.004 0.008 –0.009 –0.061 0.000 –0.045 0.000 –0.032 0.000
TiO1 0.002 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.003 0.000
TiO2 0.002 0.000 0.002 0.000 0.001 0.000 0.001 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.004 0.000 0.004 0.000 0.004 0.000
HδA 8.835 0.059 9.232 0.023 8.813 0.017 7.981 0.002 6.479 0.041 10.950 0.060 14.940 0.040 4.138 0.032 7.383 0.044 10.870 0.070
HγA 8.611 0.045 9.141 0.004 8.837 –0.004 8.035 –0.016 6.592 0.041 11.140 0.050 15.250 0.020 4.136 0.028 7.380 0.042 10.980 0.070
HδF 6.919 0.039 6.849 0.022 6.414 0.015 5.819 0.004 5.481 0.029 8.200 0.032 9.638 0.007 3.579 0.026 5.834 0.032 7.693 0.039
HγF 6.912 0.018 6.924 –0.002 6.532 –0.013 5.946 –0.023 5.633 0.025 8.329 0.028 9.775 0.002 3.685 0.022 5.917 0.028 7.794 0.036
D4000 1.218 –0.005 1.276 –0.005 1.296 –0.005 1.295 –0.006 1.080 0.000 1.200 0.002 1.379 0.002 1.017 0.001 1.084 0.002 1.188 0.003
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Table A.7. Spectra degraded to the Lick resolution: Isol and Ienh − Isol for [Z/Z⊙]=–1.5
Teff 4000 5250
log g 1.5 2.5 3.5 4.5 1.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 0.044 –0.001 0.045 0.019 0.032 0.029 0.018 0.036 –0.043 0.005 –0.050 0.008 –0.056 0.010 –0.062 0.015
CN2 0.103 0.004 0.124 0.022 0.119 0.034 0.110 0.040 –0.023 0.006 –0.035 0.009 –0.046 0.013 –0.055 0.019
Ca4227 0.712 0.947 1.647 0.904 2.696 0.858 3.685 0.750 0.167 0.060 0.132 0.112 0.160 0.189 0.333 0.286
G4300 7.975 –0.906 7.981 –1.261 6.930 –1.184 5.296 –1.114 4.722 –0.735 6.014 –0.901 6.843 –0.958 7.698 –1.289
Fe4383 5.618 –1.315 6.364 –1.718 6.253 –1.586 5.807 –1.522 1.560 –0.156 1.746 –0.314 2.175 –0.580 2.819 –0.878
Ca4455 1.145 –0.104 1.220 –0.150 1.083 –0.118 0.919 –0.125 0.375 –0.067 0.331 –0.048 0.295 –0.031 0.286 –0.028
Fe4531 3.592 –0.194 3.490 –0.212 3.271 –0.139 3.178 –0.119 1.644 0.000 1.543 0.012 1.436 0.010 1.364 –0.013
C24668 1.260 –0.200 0.669 –0.076 0.205 0.141 –0.154 0.214 0.139 0.073 0.131 0.059 0.131 0.046 0.129 0.052
Hβ 0.191 0.040 –0.055 0.030 –0.244 0.044 –0.346 0.008 1.784 0.025 1.508 0.030 1.295 0.024 1.163 0.012
Fe5015 3.827 –0.480 2.839 –0.441 2.212 –0.282 1.681 –0.219 2.157 –0.033 2.042 –0.031 1.923 –0.036 1.780 –0.054
Mg1 0.130 0.024 0.228 0.029 0.278 0.047 0.330 0.061 0.001 –0.002 0.000 –0.001 0.000 0.000 0.001 0.004
Mg2 0.240 0.045 0.396 0.055 0.481 0.087 0.531 0.090 0.030 0.003 0.037 0.006 0.056 0.013 0.092 0.025
Mgb 2.700 0.717 4.411 0.866 5.070 1.162 4.700 0.927 0.304 0.205 0.613 0.309 1.323 0.489 2.510 0.776
Fe5270 2.506 –0.199 2.848 –0.314 2.925 –0.332 2.886 –0.370 0.797 0.074 0.813 0.068 0.892 0.040 1.056 –0.010
Fe5335 2.358 –0.229 2.600 –0.361 2.621 –0.397 2.602 –0.486 0.889 –0.003 0.904 –0.006 0.951 –0.022 1.073 –0.062
Fe5406 1.501 –0.199 1.787 –0.313 1.882 –0.325 1.897 –0.381 0.398 –0.040 0.444 –0.050 0.515 –0.064 0.630 –0.091
Fe5709 0.795 –0.044 0.691 –0.048 0.507 –0.038 0.306 –0.037 0.189 –0.017 0.201 –0.019 0.203 –0.020 0.187 –0.019
Fe5782 0.410 –0.097 0.396 –0.120 0.283 –0.107 0.179 –0.089 0.042 –0.009 0.046 –0.009 0.046 –0.010 0.043 –0.009
NaD 1.476 –0.365 2.658 –0.686 3.910 –0.850 5.509 –1.219 0.315 –0.041 0.363 –0.058 0.528 –0.108 0.896 –0.196
TiO1 0.006 0.002 0.005 0.004 0.005 0.009 0.002 0.008 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TiO2 0.024 –0.003 0.022 0.001 0.020 0.010 0.013 0.009 0.003 0.000 0.003 0.000 0.002 0.000 0.001 0.000
HδA –4.426 1.808 –4.614 1.978 –4.138 1.733 –2.917 1.447 0.448 0.207 –0.055 0.303 –0.816 0.480 –1.801 0.732
HγA –9.712 0.893 -11.250 1.628 –10.870 1.582 –9.519 1.710 –2.999 0.748 –4.609 0.983 –5.964 1.141 –7.568 1.621
HδF –2.268 0.501 –2.465 0.659 –2.297 0.663 –1.709 0.650 0.663 0.180 0.422 0.197 0.071 0.246 –0.367 0.336
HγF –3.104 0.372 –3.798 0.670 –3.817 0.713 –3.313 0.744 –0.097 0.371 –1.043 0.514 –1.883 0.605 –2.780 0.837
D4000 2.636 –0.215 2.567 –0.299 2.539 –0.284 2.436 –0.246 1.489 0.011 1.459 0.003 1.488 –0.007 1.569 –0.019
Teff 7250 10000 13000
log g 1.5 2.5 3.5 4.5 2.5 3.5 4.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 –0.180 0.001 –0.193 0.001 –0.186 0.001 –0.169 0.001 –0.125 –0.001 –0.227 –0.001 –0.333 0.000 –0.075 –0.001 –0.145 –0.001 –0.228 –0.001
CN2 –0.116 0.001 –0.134 0.001 –0.132 0.001 –0.120 0.001 –0.071 –0.001 –0.159 –0.001 –0.267 0.000 –0.037 0.000 –0.092 –0.001 –0.168 –0.001
Ca4227 0.056 0.016 0.065 0.012 0.073 0.009 0.083 0.010 0.020 –0.003 0.014 0.000 0.010 0.005 0.010 –0.002 0.010 –0.002 0.005 –0.001
G4300 –1.536 0.096 –1.803 0.106 –1.797 0.107 –1.632 0.104 –1.233 0.009 –2.747 0.009 –4.093 0.022 –0.717 –0.008 –1.625 –0.016 –2.813 –0.016
Fe4383 –0.005 –0.017 –0.583 –0.028 –0.842 –0.031 –0.847 –0.033 –0.185 0.001 –1.120 –0.009 –3.370 –0.015 0.059 0.003 –0.361 –0.002 –1.449 –0.010
Ca4455 –0.011 –0.005 0.002 –0.012 0.025 –0.019 0.047 –0.023 –0.003 –0.004 –0.014 –0.006 –0.027 –0.009 0.169 –0.006 0.154 –0.007 0.138 –0.009
Fe4531 0.437 0.000 0.379 –0.007 0.324 –0.015 0.282 –0.023 0.075 –0.010 0.056 –0.009 0.044 –0.008 0.039 –0.002 0.037 –0.004 0.026 –0.003
C24668 –0.172 0.092 –0.122 0.070 –0.077 0.047 –0.034 0.032 0.019 0.016 0.027 0.011 –0.033 0.008 0.113 0.017 0.104 0.007 0.087 0.003
Hβ 6.965 0.005 6.958 –0.003 6.534 –0.009 5.978 –0.012 5.860 0.023 8.441 0.015 9.371 –0.005 3.758 0.037 5.933 0.037 7.664 0.026
Fe5015 0.370 –0.015 0.332 –0.020 0.294 –0.023 0.266 –0.025 0.086 –0.033 0.068 –0.028 –0.009 –0.023 0.150 –0.029 0.102 –0.033 0.056 –0.030
Mg1 –0.001 0.001 –0.005 0.001 –0.007 0.000 –0.007 0.000 0.007 0.000 0.004 0.000 –0.008 0.000 0.007 0.000 0.007 0.000 0.003 0.000
Mg2 0.018 0.001 0.015 0.001 0.013 0.001 0.013 0.002 0.010 0.000 0.009 0.000 0.001 0.001 0.009 0.000 0.009 0.000 0.006 0.000
Mgb 0.441 0.062 0.431 0.065 0.423 0.070 0.460 0.094 0.082 0.011 0.107 0.019 0.141 0.026 0.044 –0.008 0.050 –0.006 0.047 –0.005
Fe5270 0.140 0.028 0.161 0.030 0.178 0.031 0.191 0.029 0.006 0.003 0.007 0.003 0.007 0.003 0.011 0.000 0.012 0.000 0.011 0.001
Fe5335 0.221 0.002 0.233 0.001 0.236 0.001 0.235 0.001 0.013 0.002 0.012 0.002 0.012 0.002 0.014 0.005 0.009 0.003 0.007 0.002
Fe5406 0.052 –0.027 0.084 –0.025 0.105 –0.022 0.118 –0.020 0.006 0.001 0.005 0.000 0.005 0.000 0.005 0.000 0.006 0.001 0.005 0.001
Fe5709 0.005 0.004 0.010 0.004 0.013 0.003 0.014 0.003 0.001 0.000 0.002 0.000 0.002 0.000 0.002 0.000 0.002 0.000 0.002 0.000
Fe5782 0.003 –0.001 0.003 0.000 0.003 0.000 0.003 0.000 0.002 –0.001 0.002 0.000 0.001 0.000 0.002 –0.001 0.002 –0.001 0.002 0.000
NaD 0.203 –0.027 0.206 –0.026 0.204 –0.025 0.208 –0.026 –0.006 –0.002 0.007 –0.003 0.023 –0.006 –0.061 –0.002 –0.044 –0.001 –0.032 –0.001
TiO1 0.002 0.000 0.002 0.000 0.001 0.000 0.001 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.003 0.000
TiO2 0.003 0.000 0.002 0.000 0.002 0.000 0.001 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.004 0.000 0.004 0.000 0.004 0.000
HδA 8.707 0.017 9.191 0.010 8.795 0.013 7.988 0.017 6.382 0.034 10.840 0.030 14.890 0.010 4.039 0.043 7.264 0.057 10.780 0.060
HγA 8.382 –0.010 8.985 –0.028 8.721 –0.040 7.970 –0.045 6.501 0.016 11.030 0.020 15.200 –0.010 4.057 0.045 7.276 0.056 10.900 0.050
HδF 6.840 0.018 6.816 0.015 6.399 0.016 5.819 0.018 5.404 0.022 8.132 0.018 9.622 –0.001 3.491 0.032 5.742 0.036 7.629 0.027
HγF 6.864 0.020 6.908 0.006 6.534 –0.003 5.967 –0.010 5.577 0.021 8.274 0.015 9.765 –0.002 3.621 0.040 5.845 0.040 7.742 0.030
D4000 1.235 0.004 1.293 0.004 1.312 0.003 1.311 0.004 1.079 0.001 1.198 0.002 1.378 0.001 1.017 –0.001 1.083 0.001 1.186 0.001
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Table A.8. Spectra degraded to the Lick resolution: Isol and Ienh − Isol for [Z/Z⊙]=–1.0
Teff 4000 5250
log g 1.5 2.5 3.5 4.5 1.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 0.089 –0.033 0.071 –0.005 0.041 0.014 0.006 0.027 –0.057 0.006 –0.059 0.004 –0.060 0.005 –0.063 0.010
CN2 0.164 –0.033 0.162 –0.007 0.146 0.011 0.108 0.026 –0.038 0.008 –0.044 0.007 –0.047 0.008 –0.051 0.014
Ca4227 1.588 1.239 2.708 1.028 4.224 0.745 4.968 0.642 0.220 0.143 0.138 0.237 0.177 0.336 0.473 0.433
G4300 8.022 –0.816 7.811 –1.098 7.276 –1.097 5.214 –0.651 6.567 –0.913 7.165 –0.782 7.436 –0.750 7.872 –0.991
Fe4383 7.025 –1.573 7.648 –1.999 8.145 –2.227 6.902 –1.811 2.438 –0.437 2.846 –0.690 3.420 –1.028 4.332 –1.523
Ca4455 1.554 –0.148 1.637 –0.193 1.606 –0.202 1.290 –0.159 0.535 –0.064 0.485 –0.052 0.448 –0.035 0.457 –0.035
Fe4531 4.418 –0.201 4.273 –0.220 4.314 –0.210 4.024 –0.117 2.440 –0.110 2.362 –0.120 2.258 –0.132 2.214 –0.174
C24668 2.017 –0.448 1.141 –0.060 0.559 0.426 0.093 0.632 0.637 –0.164 0.584 –0.171 0.528 –0.155 0.455 –0.099
Hβ 0.122 0.044 –0.177 0.062 –0.412 0.122 –0.507 0.113 1.857 0.100 1.584 0.093 1.351 0.090 1.184 0.079
Fe5015 4.545 –0.476 3.591 –0.351 3.172 –0.107 2.530 0.017 3.545 –0.211 3.335 –0.196 3.156 –0.217 3.032 –0.300
Mg1 0.192 0.019 0.283 0.022 0.367 0.029 0.396 0.054 0.009 –0.003 0.009 –0.003 0.008 0.000 0.009 0.007
Mg2 0.328 0.047 0.480 0.058 0.622 0.077 0.629 0.103 0.045 0.002 0.056 0.008 0.084 0.017 0.140 0.035
Mgb 3.513 0.925 5.151 1.078 6.175 1.249 5.304 1.227 0.325 0.272 0.799 0.430 1.816 0.674 3.485 1.040
Fe5270 3.181 –0.301 3.433 –0.399 3.710 –0.474 3.524 –0.413 1.354 –0.015 1.398 –0.042 1.551 –0.109 1.851 –0.211
Fe5335 3.079 –0.346 3.274 –0.506 3.471 –0.646 3.186 –0.618 1.315 –0.063 1.402 –0.096 1.543 –0.158 1.809 –0.260
Fe5406 2.015 –0.297 2.258 –0.409 2.499 –0.487 2.335 –0.444 0.665 –0.102 0.725 –0.124 0.856 –0.180 1.099 –0.277
Fe5709 1.085 –0.042 0.952 –0.045 0.777 –0.040 0.488 –0.022 0.434 –0.074 0.449 –0.078 0.453 –0.083 0.436 –0.087
Fe5782 0.733 –0.157 0.689 –0.193 0.551 –0.215 0.343 –0.180 0.110 –0.014 0.120 –0.017 0.124 –0.019 0.120 –0.021
NaD 2.289 –0.581 3.759 –0.967 5.984 –1.490 7.476 –1.664 0.384 –0.070 0.476 –0.107 0.730 –0.180 1.275 –0.301
TiO1 0.010 0.004 0.011 0.010 0.016 0.022 0.012 0.025 0.002 0.000 0.002 0.000 0.002 0.000 0.002 0.000
TiO2 0.037 –0.001 0.036 0.010 0.043 0.029 0.033 0.035 0.008 –0.001 0.007 –0.001 0.006 –0.001 0.005 –0.001
HδA –6.301 2.469 –6.111 2.418 –5.889 2.268 –3.680 1.409 –0.279 0.483 –0.835 0.681 –1.718 0.983 –3.116 1.512
HγA –11.530 1.120 –12.670 1.810 –13.320 2.100 –10.760 1.567 –5.153 1.089 –6.153 1.043 –7.083 1.164 –8.627 1.745
HδF –3.226 0.622 –3.284 0.747 –3.251 0.836 –2.193 0.621 0.239 0.273 0.069 0.309 –0.252 0.393 –0.819 0.590
HγF –3.459 0.434 –3.955 0.647 –4.248 0.729 –3.435 0.557 –0.821 0.509 –1.477 0.505 –2.064 0.541 –2.879 0.780
D4000 2.935 –0.242 2.836 –0.339 2.884 –0.382 2.637 –0.275 1.652 –0.012 1.621 –0.037 1.667 –0.066 1.795 –0.109
Teff 7250 10000 13000
log g 1.5 2.5 3.5 4.5 2.5 3.5 4.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 –0.174 0.000 –0.191 0.001 –0.185 0.001 –0.170 0.001 –0.124 0.000 –0.225 0.000 –0.333 0.001 –0.074 0.001 –0.143 0.000 –0.226 0.000
CN2 –0.109 –0.001 –0.130 0.001 –0.129 0.000 –0.119 0.000 –0.069 0.000 –0.157 0.000 –0.267 0.002 –0.036 0.000 –0.091 0.000 –0.167 0.000
Ca4227 0.090 0.009 0.095 0.011 0.101 0.011 0.118 0.014 0.030 –0.006 0.028 –0.004 0.036 –0.002 0.026 –0.008 0.025 –0.009 0.018 –0.008
G4300 –1.295 0.140 –1.553 0.143 –1.514 0.122 –1.324 0.098 –1.163 0.047 –2.665 0.049 –4.058 0.066 –0.722 0.007 –1.613 0.007 –2.792 0.009
Fe4383 0.212 0.087 –0.434 0.054 –0.724 0.008 –0.772 –0.035 –0.096 –0.004 –1.003 –0.018 –3.254 –0.007 0.103 –0.010 –0.312 –0.005 –1.401 0.004
Ca4455 0.076 –0.032 0.064 –0.026 0.062 –0.023 0.074 –0.027 –0.024 0.000 –0.034 –0.005 –0.049 –0.010 0.164 –0.016 0.152 –0.019 0.134 –0.022
Fe4531 0.820 –0.057 0.743 –0.047 0.651 –0.046 0.578 –0.053 0.131 –0.021 0.110 –0.021 0.100 –0.026 0.079 –0.008 0.076 –0.013 0.060 –0.014
C24668 –0.173 0.094 –0.144 0.085 –0.104 0.067 –0.040 0.043 –0.093 0.053 –0.050 0.042 –0.083 0.037 0.025 0.044 0.041 0.026 0.051 0.013
Hβ 7.068 0.016 7.086 –0.006 6.680 –0.023 6.139 –0.036 5.808 0.034 8.380 0.049 9.377 0.004 3.754 –0.024 5.902 –0.006 7.628 –0.003
Fe5015 0.946 –0.173 0.913 –0.175 0.851 –0.171 0.793 –0.166 0.118 –0.066 0.096 –0.053 0.020 –0.045 0.180 –0.059 0.123 –0.068 0.071 –0.066
Mg1 –0.002 0.000 –0.005 0.000 –0.008 0.000 –0.008 0.000 0.006 0.000 0.003 0.000 –0.009 0.001 0.007 0.000 0.007 0.000 0.003 0.000
Mg2 0.024 –0.001 0.021 0.000 0.018 0.000 0.020 0.002 0.011 0.001 0.010 0.001 0.003 0.001 0.010 0.000 0.010 0.000 0.007 0.000
Mgb 0.424 0.105 0.405 0.121 0.409 0.141 0.512 0.197 0.091 0.041 0.151 0.047 0.219 0.040 0.034 –0.002 0.049 0.002 0.061 0.002
Fe5270 0.386 –0.003 0.401 0.014 0.404 0.027 0.407 0.036 0.025 –0.005 0.017 0.001 0.019 0.003 0.024 –0.005 0.025 –0.003 0.021 –0.001
Fe5335 0.439 –0.030 0.469 –0.025 0.480 –0.019 0.486 –0.013 0.029 0.005 0.030 0.003 0.036 0.001 0.028 0.013 0.019 0.007 0.014 0.004
Fe5406 0.131 –0.055 0.182 –0.060 0.222 –0.062 0.250 –0.060 0.018 –0.002 0.014 –0.001 0.014 –0.002 0.015 –0.003 0.017 –0.002 0.014 0.000
Fe5709 0.020 0.004 0.037 0.001 0.048 –0.003 0.053 –0.006 0.000 0.001 0.001 0.001 0.002 0.001 0.000 0.001 0.001 0.001 0.001 0.001
Fe5782 0.008 0.000 0.007 0.001 0.007 0.002 0.007 0.002 0.007 –0.004 0.004 –0.002 0.003 –0.001 0.006 –0.004 0.006 –0.004 0.004 –0.003
NaD 0.240 –0.019 0.235 –0.019 0.231 –0.020 0.241 –0.024 0.007 –0.007 0.026 –0.008 0.056 –0.015 –0.058 –0.004 –0.043 –0.003 –0.030 –0.002
TiO1 0.002 0.000 0.002 0.000 0.002 0.000 0.001 0.000 0.003 0.000 0.003 0.000 0.003 0.000 0.004 0.000 0.004 0.000 0.004 0.000
TiO2 0.004 0.000 0.003 0.000 0.002 0.000 0.002 0.000 0.004 0.000 0.003 0.000 0.003 0.000 0.004 0.000 0.004 0.000 0.004 0.000
HδA 8.471 0.076 9.119 0.029 8.749 0.034 7.986 0.046 6.301 0.000 10.720 0.020 14.840 –0.020 4.007 –0.044 7.212 –0.031 10.720 –0.020
HγA 8.134 –0.029 8.847 –0.056 8.599 –0.048 7.888 –0.040 6.397 –0.025 10.890 0.000 15.150 –0.060 4.048 –0.034 7.235 –0.027 10.840 –0.030
HδF 6.664 0.087 6.718 0.065 6.328 0.063 5.782 0.063 5.327 0.009 8.049 0.025 9.594 –0.004 3.453 –0.030 5.686 –0.016 7.572 –0.011
HγF 6.822 0.025 6.920 –0.001 6.560 –0.009 6.013 –0.015 5.518 0.012 8.207 0.023 9.754 –0.012 3.618 –0.025 5.815 –0.012 7.704 –0.007
D4000 1.265 0.005 1.324 0.004 1.342 0.001 1.342 0.003 1.079 0.000 1.197 0.001 1.380 –0.001 1.016 –0.001 1.082 –0.001 1.184 0.000
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Table A.9. Spectra degraded to the Lick resolution: Isol and Ienh − Isol for [Z/Z⊙]=–0.5
Teff 4000 5250
log g 1.5 2.5 3.5 4.5 1.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 0.133 –0.066 0.096 –0.035 0.043 –0.007 –0.015 0.017 –0.046 –0.014 –0.042 –0.017 –0.042 –0.016 –0.050 –0.007
CN2 0.219 –0.068 0.196 –0.041 0.160 –0.017 0.097 0.010 –0.027 –0.012 –0.024 –0.015 –0.025 –0.013 –0.031 –0.003
Ca4227 3.043 1.256 4.016 0.969 5.538 0.528 6.193 0.408 0.147 0.385 0.063 0.493 0.145 0.590 0.592 0.676
G4300 8.116 –0.652 7.797 –0.897 7.596 –0.977 5.725 –0.235 7.432 –0.648 7.634 –0.563 7.659 –0.609 7.824 –0.863
Fe4383 8.648 –1.884 8.943 –2.309 9.779 –2.851 8.436 –2.257 3.393 –0.654 3.847 –0.888 4.441 –1.204 5.499 –1.786
Ca4455 1.982 –0.171 2.043 –0.205 2.104 –0.253 1.777 –0.187 0.721 –0.038 0.689 –0.047 0.678 –0.054 0.718 –0.066
Fe4531 5.498 –0.224 5.246 –0.267 5.487 –0.375 5.179 –0.172 3.257 –0.197 3.175 –0.214 3.084 –0.245 3.062 –0.292
C24668 2.816 –0.561 1.734 0.319 1.257 1.285 0.799 1.806 1.593 –0.501 1.516 –0.551 1.317 –0.483 1.060 –0.320
Hβ –0.001 0.099 –0.286 0.184 –0.505 0.358 –0.618 0.426 2.014 0.117 1.761 0.096 1.513 0.091 1.302 0.084
Fe5015 5.683 –0.346 4.839 –0.125 4.804 0.179 3.995 0.612 5.049 –0.302 4.696 –0.274 4.419 –0.310 4.262 –0.447
Mg1 0.254 0.006 0.326 0.006 0.414 0.001 0.462 0.034 0.026 –0.008 0.026 –0.009 0.024 –0.004 0.025 0.009
Mg2 0.428 0.047 0.564 0.053 0.724 0.049 0.748 0.094 0.069 0.000 0.084 0.007 0.122 0.021 0.200 0.045
Mgb 4.466 1.231 5.954 1.267 7.027 1.175 6.158 1.290 0.539 0.308 1.131 0.539 2.457 0.856 4.623 1.252
Fe5270 3.864 –0.417 3.986 –0.504 4.375 –0.635 4.278 –0.485 2.024 –0.078 2.080 –0.123 2.274 –0.198 2.663 –0.304
Fe5335 3.935 –0.517 4.025 –0.714 4.300 –0.981 3.952 –0.881 1.828 –0.100 2.001 –0.162 2.228 –0.253 2.613 –0.386
Fe5406 2.608 –0.410 2.782 –0.517 3.106 –0.660 2.927 –0.544 0.977 –0.155 1.056 –0.179 1.219 –0.247 1.547 –0.371
Fe5709 1.439 –0.053 1.265 –0.056 1.090 –0.054 0.754 0.004 0.744 –0.094 0.745 –0.099 0.738 –0.107 0.711 –0.114
Fe5782 1.114 –0.218 1.010 –0.281 0.832 –0.362 0.557 –0.348 0.255 –0.023 0.275 –0.029 0.282 –0.035 0.283 –0.043
NaD 3.532 –0.904 5.149 –1.365 8.010 –2.219 9.862 –2.349 0.528 –0.116 0.663 –0.172 1.021 –0.269 1.785 –0.431
TiO1 0.018 0.012 0.025 0.028 0.043 0.049 0.043 0.064 0.002 0.001 0.003 0.001 0.003 0.001 0.003 0.001
TiO2 0.057 0.010 0.064 0.034 0.089 0.065 0.084 0.089 0.012 –0.002 0.011 –0.002 0.010 –0.002 0.009 –0.002
HδA –8.662 3.224 –7.875 2.993 –7.731 2.893 –5.120 1.537 –1.283 0.851 –1.801 1.115 –2.666 1.468 –4.210 2.074
HγA –13.790 1.350 –14.360 1.990 –15.550 2.590 –12.960 1.470 –6.562 0.932 –7.170 0.920 –7.913 1.149 –9.410 1.856
HδF –4.454 0.851 –4.217 0.916 –4.183 1.042 –2.959 0.661 –0.124 0.272 –0.204 0.321 –0.466 0.431 –1.070 0.670
HγF –3.993 0.502 –4.241 0.631 –4.596 0.709 –3.871 0.367 –1.149 0.454 –1.591 0.426 –2.058 0.498 –2.784 0.753
D4000 3.357 –0.288 3.137 –0.367 3.203 –0.455 2.910 –0.315 1.897 –0.035 1.826 –0.057 1.863 –0.091 2.022 –0.156
Teff 7250 10000 13000
log g 1.5 2.5 3.5 4.5 2.5 3.5 4.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 –0.168 –0.001 –0.191 0.001 –0.185 0.002 –0.174 0.003 –0.122 0.002 –0.224 0.003 –0.332 0.004 –0.071 0.001 –0.140 0.001 –0.222 0.001
CN2 –0.102 –0.001 –0.129 0.001 –0.128 0.001 –0.121 0.002 –0.067 0.002 –0.155 0.002 –0.265 0.004 –0.034 0.001 –0.087 0.001 –0.163 0.001
Ca4227 0.105 0.012 0.110 0.020 0.118 0.026 0.148 0.036 0.024 0.000 0.031 0.003 0.054 –0.002 0.036 –0.007 0.035 –0.007 0.029 –0.009
G4300 –0.966 0.163 –1.219 0.152 –1.146 0.117 –0.901 0.066 –1.073 0.098 –2.564 0.113 –3.980 0.126 –0.711 0.003 –1.576 0.014 –2.737 0.020
Fe4383 0.365 0.164 –0.321 0.129 –0.608 0.058 –0.652 –0.045 0.014 0.018 –0.843 –0.002 –3.078 0.025 0.159 –0.007 –0.235 0.000 –1.296 0.007
Ca4455 0.184 –0.042 0.164 –0.043 0.139 –0.037 0.122 –0.031 –0.043 –0.001 –0.055 –0.008 –0.071 –0.018 0.150 –0.009 0.141 –0.016 0.121 –0.022
Fe4531 1.289 –0.084 1.228 –0.061 1.111 –0.042 0.995 –0.036 0.208 –0.022 0.181 –0.025 0.171 –0.035 0.127 –0.002 0.121 –0.008 0.099 –0.012
C24668 –0.049 0.045 –0.040 0.036 –0.045 0.040 –0.014 0.041 –0.274 0.086 –0.178 0.073 –0.163 0.070 –0.118 0.075 –0.083 0.049 –0.036 0.030
Hβ 7.192 0.046 7.239 0.019 6.858 –0.007 6.332 –0.024 5.838 –0.010 8.453 –0.026 9.447 –0.050 3.683 –0.034 5.825 –0.021 7.566 –0.023
Fe5015 1.890 –0.307 1.832 –0.284 1.701 –0.259 1.573 –0.239 0.182 –0.095 0.140 –0.076 0.062 –0.069 0.236 –0.076 0.156 –0.090 0.082 –0.091
Mg1 0.000 –0.002 –0.003 –0.002 –0.006 –0.002 –0.008 –0.002 0.006 0.000 0.003 0.000 –0.009 0.001 0.008 –0.001 0.007 0.000 0.003 0.000
Mg2 0.031 –0.002 0.026 –0.001 0.024 0.001 0.028 0.003 0.013 0.001 0.013 0.001 0.006 0.001 0.010 –0.001 0.010 0.000 0.007 0.000
Mgb 0.326 0.157 0.303 0.182 0.363 0.215 0.617 0.309 0.126 0.065 0.217 0.062 0.292 0.051 –0.010 0.012 0.022 0.019 0.056 0.023
Fe5270 0.706 0.021 0.739 0.040 0.743 0.056 0.746 0.074 0.076 –0.017 0.056 –0.005 0.059 0.000 0.048 –0.010 0.053 –0.007 0.045 –0.001
Fe5335 0.663 –0.014 0.733 –0.013 0.780 –0.006 0.823 0.012 0.053 0.023 0.067 0.015 0.089 0.008 0.060 0.025 0.040 0.020 0.030 0.014
Fe5406 0.249 –0.059 0.301 –0.067 0.350 –0.074 0.398 –0.075 0.050 –0.010 0.039 –0.006 0.038 –0.005 0.039 –0.008 0.046 –0.007 0.039 –0.002
Fe5709 0.057 0.008 0.097 –0.001 0.121 –0.009 0.132 –0.016 –0.004 0.003 –0.001 0.002 0.003 0.002 –0.004 0.003 –0.003 0.003 –0.001 0.002
Fe5782 0.024 –0.001 0.025 0.001 0.025 0.002 0.025 0.003 0.017 –0.010 0.010 –0.005 0.006 –0.003 0.013 –0.012 0.015 –0.011 0.011 –0.008
NaD 0.273 –0.021 0.262 –0.024 0.259 –0.029 0.287 –0.041 0.041 –0.020 0.070 –0.022 0.109 –0.028 –0.042 –0.015 –0.031 –0.013 –0.020 –0.009
TiO1 0.003 0.000 0.003 0.000 0.002 0.000 0.002 0.000 0.004 0.000 0.004 0.000 0.003 0.000 0.005 0.000 0.005 0.000 0.005 0.000
TiO2 0.005 0.000 0.004 0.000 0.003 0.000 0.003 0.000 0.004 0.000 0.004 0.000 0.003 0.000 0.004 0.000 0.004 0.000 0.004 0.000
HδA 8.153 0.134 9.056 0.054 8.718 0.049 8.049 0.052 6.187 –0.030 10.630 –0.050 14.780 –0.090 3.863 –0.060 7.049 –0.052 10.550 –0.040
HγA 7.891 –0.083 8.721 –0.092 8.466 –0.057 7.762 –0.005 6.265 –0.079 10.790 –0.100 15.070 –0.150 3.942 –0.042 7.089 –0.046 10.680 –0.060
HδF 6.433 0.152 6.596 0.115 6.240 0.104 5.749 0.098 5.246 –0.017 8.015 –0.026 9.580 –0.042 3.335 –0.038 5.563 –0.031 7.464 –0.028
HγF 6.787 0.016 6.948 –0.008 6.600 –0.011 6.062 –0.002 5.471 –0.017 8.204 –0.035 9.765 –0.062 3.540 –0.030 5.724 –0.025 7.624 –0.026
D4000 1.308 0.011 1.370 0.008 1.384 0.007 1.388 0.006 1.081 –0.001 1.199 –0.001 1.383 –0.005 1.014 0.000 1.078 0.000 1.179 0.000
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Table A.10. Spectra degraded to the Lick resolution: Isol and Ienh − Isol for [Z/Z⊙]=0.0
Teff 4000 5250
log g 1.5 2.5 3.5 4.5 1.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 0.159 –0.083 0.113 –0.059 0.043 –0.029 –0.041 0.003 0.013 –0.065 0.016 –0.066 0.009 –0.059 –0.011 –0.042
CN2 0.249 –0.089 0.215 –0.068 0.160 –0.043 0.081 –0.011 0.038 –0.065 0.041 –0.066 0.036 –0.058 0.019 –0.041
Ca4227 4.836 0.905 5.351 0.691 6.274 0.369 6.772 0.193 –0.078 0.800 –0.093 0.888 0.077 0.957 0.727 1.004
G4300 8.386 –0.407 7.929 –0.640 7.685 –0.704 6.668 –0.096 7.790 –0.337 7.828 –0.361 7.739 –0.465 7.684 –0.693
Fe4383 10.310 –2.175 10.040 –2.614 10.610 –3.229 10.130 –3.096 4.344 –0.773 4.787 –0.995 5.464 –1.365 6.752 –2.094
Ca4455 2.425 –0.207 2.450 –0.235 2.511 –0.280 2.330 –0.280 0.954 –0.039 0.924 –0.056 0.950 –0.090 1.035 –0.129
Fe4531 6.957 –0.325 6.431 –0.404 6.574 –0.616 6.594 –0.589 4.134 –0.296 4.041 –0.323 3.959 –0.368 3.980 –0.433
C24668 3.960 –0.748 2.820 0.966 2.833 2.543 2.713 3.776 3.511 –1.397 3.339 –1.450 2.776 –1.192 2.097 –0.770
Hβ –0.173 0.304 –0.316 0.502 –0.325 0.810 –0.393 1.088 2.238 0.117 2.013 0.081 1.762 0.062 1.521 0.053
Fe5015 7.587 –0.114 6.828 0.190 7.055 0.549 6.562 1.242 6.708 –0.409 6.195 –0.378 5.810 –0.435 5.597 –0.624
Mg1 0.307 –0.018 0.350 –0.020 0.405 –0.029 0.488 –0.021 0.063 –0.026 0.062 –0.026 0.054 –0.015 0.054 0.006
Mg2 0.539 0.041 0.645 0.032 0.764 0.007 0.840 0.014 0.113 –0.008 0.129 0.001 0.176 0.021 0.278 0.052
Mgb 5.687 1.544 6.901 1.312 7.574 1.012 6.907 0.940 0.913 0.434 1.551 0.732 3.199 1.110 5.872 1.430
Fe5270 4.552 –0.561 4.509 –0.637 4.814 –0.768 5.037 –0.712 2.833 –0.155 2.890 –0.221 3.113 –0.295 3.573 –0.385
Fe5335 4.924 –0.735 4.811 –0.999 4.906 –1.365 4.761 –1.465 2.525 –0.141 2.781 –0.230 3.098 –0.344 3.607 –0.515
Fe5406 3.234 –0.541 3.310 –0.633 3.571 –0.789 3.614 –0.773 1.341 –0.219 1.464 –0.259 1.672 –0.336 2.068 –0.477
Fe5709 1.811 –0.066 1.585 –0.078 1.373 –0.074 1.075 –0.003 1.145 –0.100 1.114 –0.106 1.083 –0.112 1.042 –0.123
Fe5782 1.508 –0.305 1.293 –0.412 0.990 –0.541 0.691 –0.615 0.486 –0.025 0.519 –0.039 0.531 –0.049 0.542 –0.066
NaD 5.270 –1.398 6.679 –1.925 9.161 –2.892 11.510 –3.652 0.807 –0.173 0.980 –0.243 1.450 –0.362 2.479 –0.574
TiO1 0.037 0.031 0.061 0.058 0.102 0.085 0.121 0.110 0.000 0.002 0.002 0.002 0.003 0.001 0.003 0.001
TiO2 0.097 0.035 0.125 0.073 0.178 0.104 0.199 0.134 0.017 –0.002 0.016 –0.003 0.015 –0.003 0.013 –0.003
HδA –11.400 3.928 –9.785 3.582 –9.208 3.343 –7.163 2.076 –3.064 1.684 –3.477 2.000 –4.210 2.351 –5.700 2.951
HγA –16.830 1.650 –16.380 2.190 –17.000 2.720 –15.860 1.880 –7.634 0.707 –8.119 0.849 –8.830 1.200 –10.330 2.034
HδF –5.890 1.204 –5.226 1.193 –4.875 1.223 –3.860 0.902 –0.594 0.366 –0.620 0.449 –0.811 0.569 –1.385 0.820
HγF –4.936 0.677 –4.765 0.656 –4.866 0.608 –4.535 0.247 –1.322 0.423 –1.693 0.437 –2.099 0.527 –2.729 0.782
D4000 3.914 –0.378 3.449 –0.393 3.384 –0.456 3.190 –0.382 2.191 –0.014 2.065 –0.043 2.082 –0.086 2.264 –0.173
Teff 7250
log g 1.5 2.5 3.5 4.5
Isol (δI) Isol (δI) Isol (δI) Isol (δI)
CN1 –0.162 –0.002 –0.194 0.001 –0.189 0.002 –0.183 0.004
CN2 –0.097 –0.002 –0.132 0.001 –0.131 0.002 –0.129 0.004
Ca4227 0.166 –0.019 0.158 0.005 0.160 0.028 0.208 0.051
G4300 –0.564 0.183 –0.811 0.136 –0.639 0.066 –0.285 –0.032
Fe4383 0.340 0.226 –0.363 0.186 –0.538 0.097 –0.524 –0.062
Ca4455 0.302 –0.053 0.278 –0.067 0.246 –0.069 0.212 –0.066
Fe4531 1.851 –0.101 1.851 –0.091 1.747 –0.078 1.615 –0.060
C24668 0.077 0.021 0.123 –0.003 0.109 –0.001 0.103 0.018
Hβ 7.290 0.076 7.404 0.053 7.067 0.026 6.579 0.009
Fe5015 3.292 –0.479 3.185 –0.428 2.945 –0.378 2.718 –0.337
Mg1 0.004 –0.004 0.000 –0.004 –0.003 –0.003 –0.006 –0.003
Mg2 0.040 –0.004 0.034 –0.002 0.032 0.000 0.041 0.005
Mgb 0.261 0.140 0.216 0.190 0.345 0.266 0.832 0.416
Fe5270 1.140 0.047 1.224 0.053 1.257 0.071 1.298 0.107
Fe5335 0.929 0.021 1.054 0.023 1.170 0.029 1.314 0.051
Fe5406 0.453 –0.099 0.487 –0.091 0.521 –0.085 0.583 –0.081
Fe5709 0.143 0.006 0.221 –0.008 0.265 –0.020 0.284 –0.030
Fe5782 0.071 –0.007 0.076 –0.003 0.078 0.000 0.078 0.002
NaD 0.321 –0.027 0.308 –0.035 0.310 –0.044 0.374 –0.067
TiO1 0.003 0.000 0.003 0.000 0.003 0.000 0.003 0.000
TiO2 0.007 –0.001 0.006 –0.001 0.005 –0.001 0.004 –0.001
HδA 7.723 0.170 9.030 0.082 8.694 0.060 8.163 0.079
HγA 7.643 –0.176 8.669 –0.146 8.301 –0.069 7.566 0.069
HδF 6.132 0.181 6.486 0.134 6.154 0.111 5.744 0.111
HγF 6.743 –0.027 7.010 –0.034 6.649 –0.025 6.118 0.018
D4000 1.372 0.022 1.441 0.019 1.450 0.016 1.459 0.014
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Abstract. Basing on the huge library of 1-A˚ resolution spectra calculated by Munari et al. over a large range of
log Teff , log g, [Fe/H] and both for solar and α-enhanced abundance ratios [α/Fe], we present theoretical absorption-
line indices on the Lick system. First we derive the so-called response functions (RFs) of Tripicco & Bell for a wide
range of log Teff , log g, [Fe/H] and [α/Fe]=+0.4 dex. The RFs are commonly used to correct indices with solar
[α/Fe] ratios to indices with [α/Fe]>0. Not only the RFs vary with the type of star but also with the metallicity.
Secondly, with the aid of this and the fitting functions (FFs) of Worthey et al., we derive the indices for single
stellar populations and compare them with those obtained by previous authors, e.g. Tantalo & Chiosi. The
new RFs not only supersede the old ones by Tripicco & Bell, but also show that Hβ increases with the degree of
enhancement in agreement with the results by Tantalo & Chiosi. The new indices for single stellar populations are
used to derive with aid of the recursive Minimum Distance method the age, metallicity and degree of enhancement
of a sample of Galactic Globular Clusters for which these key parameters have been independently derived from
the Colour-Magnitude Diagram and/or spectroscopic studies. The agreement is remarkably good.
Key words. Galaxies: spectroscopy – Galaxies: ages, metallicities, enhancement
1. Introduction
The Lick system of absorption-line indices developed over
the years by Burstein et al. (1984), Faber et al. (1985),
Worthey (1992), Worthey et al. (1992), Worthey et al.
(1994) and Worthey (1994) was designed to infer the age
and the metallicity of stellar systems, early-type galaxies
in particular.
The Lick indices seem to have the potential of par-
tially resolving the age-metallicity degeneracy that is
long known to affect the spectral energy distribution of
stellar populations (Renzini & Buzzoni 1986)1. Thanks
to it, an extensive use of the Lick system of indices
has been made by many authors (Bressan et al. 1996;
Tantalo 1998; Tantalo et al. 1998; Trager et al. 2000b,a;
Kuntschner 1998; Kuntschner & Davies 1998; Jørgensen
1999; Kuntschner 2000; Poggianti et al. 2001; Kuntschner
et al. 2001; Vazdekis et al. 2001; Davies et al. 2001;
Maraston et al. 2003; Thomas et al. 2003a,b; Thomas &
Maraston 2003; Tantalo & Chiosi 2004a). The main result
of all those studies is that even in early-type galaxies some
Send offprint requests to: R. Tantalo
1 An old metal-poor stellar population may happen to have
the same spectral energy distribution of a young metal-rich
one.
recent episodes of star formation ought to occur in order
to explain the large scatter shown by the observational
data for indices like Hβ commonly thought to be sensitive
to the turn-off stars and consequently to the age.
The problem is, however, further complicated by a
third parameter, i.e. the abundance ratios [α/Fe] (where α
stands for all chemical elements produced by α-captures
on lighter nuclei). Absorption-line indices like Mg2 and
〈Fe〉 measured in the central regions of galaxies are known
to vary passing from one galaxy to another (Gonza´lez
1993; Trager et al. 2000b,a). Looking at the correlation be-
tween Mg2 and 〈Fe〉 (or similar indices) for the galaxies in
the above quoted samples, Mg2 increases faster than 〈Fe〉,
which is interpreted as due to enhancement of α-elements
in some galaxies. In addition to this, since the classical
paper by Burstein et al. (1988), the index Mg2 is known
to increase with the velocity dispersion (and hence mass
and luminosity) of the galaxy. Standing on this body of
data the conviction arose that the degree of enhancement
in α-elements ought to increase passing from dwarf to
massive early-type galaxies (Faber et al. 1992; Worthey
et al. 1994; Matteucci 1994, 1997; Matteucci et al. 1998).
These findings strongly bear on the theory of galaxy for-
mation as super-solar [α/Fe] ratios require rather short
star-formation time-scales (see for instance the discus-
2 R. Tantalo et al.: Absorption-line indices from high-resolution spectra
sion of this topic by Chiosi & Carraro (2002)) and the
correlation with the velocity dispersion requires that the
star formation time-scale should get longer at decreas-
ing galaxy mass, in contrast with the standard supernova
driven galactic wind model by Larson (1974), and instead
supported by the N-Body-Tree-SPH models of early-type
galaxies by Chiosi & Carraro (2002).
In presence of α-enhanced chemical compositions, ages
and metallicities of early-type galaxies should be derived
from indices in which α-enhancement is included. As long
ago noticed by Worthey et al. (1992) and Weiss et al.
(1995), indices for α-enhanced chemical mixtures of given
total metallicity are expected to differ from those of the
standard case. On one hand, this spurred new generations
of stellar models, isochrones, SSPs with α-enhanced mix-
tures (Salasnich et al. 2000) and, on the other hand, led
to many attempts of increasing complexity to simultane-
ously derive, from fitting the observational indices to their
theoretical counterparts, the age, metallicity and degree of
enhancement (Tantalo et al. 1998; Trager et al. 2000b,a;
Maraston et al. 2003; Thomas et al. 2003a,b; Thomas &
Maraston 2003; Tantalo & Chiosi 2004a). The formal so-
lution for ages, metallicities and [α/Fe] ratios based on
large samples of galaxies, e.g. the Trager et al. (1998) list,
once more yields a large range of ages, metallicities and
abundance ratios, as amply discussed by Tantalo & Chiosi
(2004a, hereafter TC04).
Although the picture emerging from the above stud-
ies is a convincing one, there are still several points of
weakness intrinsic even to the state-of-the-art theoretical
indices that force us to reconsider the whole problem. Let
us examine in some detail (i) the foundations of the Lick
indices; (ii) the various steps that are required to derive
theoretical indices and their dependence on age, metallic-
ity and degree of enhancement; (iii) the current method
to estimate these parameters from the indices; (iv) and
finally shortly comment on a few points of controversy
among different groups.
– The information contained in the stellar spectra con-
cerning the effective temperature (log Teff), gravity
(log g) and chemical composition (usually the parame-
ter [Fe/H]) has been coded in a system of indices mea-
suring the strength of atomic and molecular lines (see
Section 2). The Lick indices are defined and measured
on a finite sample of stellar spectra with fixed mean
resolution of 8.4A˚ (which in most cases differs from
the one of theoretical spectra used in population syn-
thesis).
– In order to make possible the general use of the Lick in-
dices, Worthey et al. (1994) introduced the concept of
the so-called fitting functions (FFs). The indices for a
large sample of stars with known atmospheric parame-
ters (logTeff , log g and [Fe/H]) are measured and then
expressed as empirical polynomial fits as functions of
these parameters. The major drawback with the FFs
is that they encompass a limited range of values in
particular as far as [Fe/H] is concerned. The sample
of stars indeed was collected from the solar vicinity
even if attempts to extend it to lower metallicities
have been made (Idiart & de Freitas-Pacheco (1995),
Cenarro et al. (2001, 2002)). Metallicities much higher
than those in the solar vicinity are simply not included
for obvious reasons. A new library is also available with
unprecedented coverage of atmospheric parameters by
Sa´nchez-Bla´zquez et al. (2003) and Sanchez-Bla´zquez
et al. (in preparation).
– Despite it was long known that magnesium is perhaps
enhanced with respect to iron ([Mg/Fe]>0) in giant
elliptical galaxies (see e.g. Worthey et al. (1992) and
above), the collection of stellar spectra and FFs in
turn did not allow for non-standard abundance ratios
in the chemical composition. Only occasionally and for
a few indices, e.g. Mg2 and NaD, FFs including the
effect of non-standard abundance ratios have been pro-
posed, e.g. Borges et al. (1995).
– A milestone along the road was put by Tripicco &
Bell (1995) who have modeled synthetic spectra of
high-resolution (0.1A˚), degraded them to the mean
8.4A˚ resolution of the Lick system, and derived from
them the indices for three prototype stars, namely a
cool-dwarf, a turn-off and a cool-giant along a 5Gyr
isochrone matching the CMD of M67 (in other words
for three different combinations of log Teff and log g).
Even more important here, they studied the response
of the indices produced by changes in the abundance
ratios of individual elements. In other words, thanks
to their RFs it was possible to evaluate the effect of
abundance ratios different from solar.
– With the aid of the Tripicco & Bell (1995) RFs and
suitable algorithms, the indices with solar abundance
ratios have been transformed into those for non solar
abundance ratios. The algorithms in use are not unique
thus leading to uncertain results (see TC04 for more
details).
– Passing now from individual stars to star clusters, re-
duced here to single stellar populations (SSPs), and
galaxies (manifolds of SSPs), the derivation of theo-
retical indices (and spectra, magnitudes and broad-
band colours) is even more complicate because other
ingredients intervene: (i) the construction of realistic
isochrones for SSPs including all evolutionary phases
(even the unusual ones that are known to appear at
very high metallicities, see Bressan et al. (1994) and
TC04); (ii) the initial mass function; (iii) and finally,
in the case of galaxies, the past history of star forma-
tion and chemical enrichment weighing the contribu-
tion from stellar populations of different age and chem-
ical compositions (see e.g. Bressan et al. 1994, for all
details). It is worth commenting here that galaxy in-
dices are almost always compared to SSP indices thus
neglecting the mix of stellar populations and missing
important contributions from some peculiar compo-
nents. For instance an old SSP of very high metallicity
and/or a very old SSP of extremely low metal con-
tent, would possess strong Hβ thus mimicking a young
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SSP of normal metallicity (see TC04 for more details).
Integrated indices for model galaxies have been occa-
sionally calculated and used (Tantalo 1998), but never
systematically applied to this kind of analysis. This is
a point that should be carefully investigated and kept
in mind when comparing data with theory.
If for solar abundance ratios the dependence of the in-
dices on age and metallicity is currently on a rather solid
ground but for the effect of some unusual phases of stellar
evolution, the same does not happen for non-solar abun-
dance ratios because it is still highly controversial how
some indices (Hβ, in particular) at given age and total
metallicity would respond to changes in the abundance ra-
tios. According to TC04, SSPs of the same age and metal-
licity but different degrees of enhancement in α-elements
may have significantly different Hβ: in brief keeping age
and metallicity constant, Hβ should increase at increasing
degree of enhancement (see the discussion in Section 4.2
for more details). Basing on this, Tantalo & Chiosi (2004b)
suggested an alternative, complementary interpretation of
the large scatter in Hβ shown by early-type galaxies of
the local universe in two-indices diagnostic planes like
Hβ versus [MgFe]. Quickly summarizing their study: (i)
most probably the majority of galaxies (those with Hβ≤2)
are very old objects of the same age (say approximately
13Gyr) but with a different degree of enhancement. (ii)
Only for galaxies with Hβ>2, the presence of secondary
star forming activity ought to be invoked. High-resolution
synthetic spectra for stars with good coverage of gravity,
effective temperature, chemical composition and degree of
enhancement in α-element can greatly alleviate the above
difficulties and shed light on these important issues. In
principle, indices can be straightforwardly calculated from
the spectra with no need of FFs, RFs and suitable algo-
rithms to take α-element enhancement into account. In
this paper, we limit ourselves to present new RFs and a
simple correction algorithm. Full exploitation of the pos-
sibilities offered by the high resolution spectra is left to a
forthcoming study.
The plan of the paper is as follows. Section 2 deals with
the theory of absorption-line indices; Section 2.1 summa-
rizes their definition for a single star; Section 2.2 presents
two different methods for enhancing the abundance of
α-elements with respect to that of Fe, i.e. at constant or in-
creasing the total metallicity, and examines in some detail
the implications. In this paper we adopt the procedure at
increasing metallicity for the sake of internal consistency
with the library of stellar spectra in usage. Section 2.3
recalls the dependence of the FFs of the Lick system
on the main stellar parameters, comments on the fact
that they are based on solar-scaled chemical compositions
and shortly describes the FFs by Borges et al. (1995) in
which for some indices the effect of enhancing α-elements
is taken into account; finally Section 3 shortly reviews the
method of the RFs by Tripicco & Bell (1995) and cur-
rent algorithms that are adopted to transfer solar-scaled
indices into the corresponding ones with α-enhancement.
In Section 4 we present our new RFs. We start present-
ing in Section 4.1 the library of synthetic spectra in use.
The covered logTeff and log g extend nearly across the
whole HR-diagram of real stars, the metallicity goes from
[Z/Z⊙]=–2.0 to 0.5 for spectra with [α/Fe]=0 and up to
0.0 for spectra with [α/Fe]=+0.4dex. Secondly, we calcu-
late indices andRFs. The analysis is made in two steps: (i)
adopting the definition of the indices on the Lick system
and the Tripicco & Bell (1995) definition ofRFs but using
the stellar spectra at 1-A˚ resolution, we derive the indices
for the calibrating stars (Section 4.2). These indices con-
stitute the backbone of the new grid of Tripicco & Bell
(1995)-like RFs given in Section 4.3. Owing to the large
body of data on the Lick system, it is worth providing in-
dices and RFs from spectra having the same resolution of
the Lick system. They are presented in Section 4.4. The
newRFs (and indices) are now strictly equivalent to those
of Tripicco & Bell (1995). Together with the classical FFs
they can be used to pass from solar to α-enhanced mix-
tures. These indices are immediately comparable to most
of observational data in literature. To this end we need to
calculate indices for SSPs. This is the subject of Section 5.
We start shortly recalling the index definition for SSPs and
presenting the library of stellar spectra with medium res-
olution specifically used to this purpose (Section 5.1) and
summarising the sources of stellar models and isochrones
(Section 5.2). With the aid of the new RFs we calculate
absorption-line indices for SSPs at varying metallicity, de-
gree of enhancement and age. The results are presented
in Section 5.3 and compared to those by previous sources,
e.g. TC04, in Section 5.4. The increase of Hβ with the de-
gree of enhancement is fully confirmed, thus lending sup-
port to the conclusion reached by TC04. In Section 6, the
indices obtained with the new RFs are compared with the
data for globular clusters. A summary of the results of this
study and some concluding remarks are finally presented
in Section 7.
2. Theory of absorption-line indices
2.1. Definition
In the Lick system of absorption-line indices (see Burstein
et al. 1984; Faber et al. 1985; Worthey et al. 1994) the def-
inition of an index with pass-band ∆λ is different accord-
ing to whether it is measured in equivalent width (EW)
or magnitude (Mag)
Il = ∆λ
(
1−
Fl
Fc
)
(EW ) (1)
Il = −2.5 log
(
Fl
Fc
)
(Mag) (2)
where Fl and Fc are the fluxes in the line and pseudo-
continuum, respectively (e.g. see Fig. 5). The flux Fc is
calculated by interpolating to the central wavelength of
the absorption-line, the fluxes in the midpoints of the red
and blue pseudo-continua bracketing the line (Worthey
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et al. 1994). The pass-bands adopted for the 25 indices of
the Lick system are taken from Trager et al. (1998), see
also Worthey et al. (1994). Because of the finite sampling
of the Lick library of template stellar spectra and their
different resolution with respect to theoretical spectral li-
braries currently in usage, eqns. (1) and/or (2) cannot
be straightforwardly applied. As already mentioned the
problem is bypassed by means of the FFs (Worthey et al.
1994).
We also add the index D4000 centered at the 4000A˚
break. It is defined as the ratio of the average flux Fν (in
erg sec−1cm−2Hz−1) in two bands at the long- and short-
wavelength side of the discontinuity (Bruzual 1983), i.e.
D4000 =
λb2 − λ
b
1
λr2 − λ
r
1
∫ λr2
λr1
Fνdλ∫ λb2
λb1
Fνdλ
(3)
The blue and red pass-bands are from 3750 to 3950A˚, and
from 4050 to 4250A˚, respectively.
2.2. α-enhanced chemical compositions
As pointed out by Bressan (2005, private communication)
the current definition of enhancement in α-elements of a
chemical mixture is not univocal and it may be a source
of uncertainty when comparing results from different au-
thors and in particular when using synthetic spectra with
α-enhanced chemical compositions. The problem can be
reduced to the statement: enhancing of α-elements can be
made either at constant or varying total metallicity Z.
2.2.1. Enhancement at constant Z
Let us take a certain mixture of elements with total metal-
licity Z (sum of all elements heavier than He), denote with
Nj the number density of the generic element j with mass
abundance Xj (Nj = ρN0Xj/Aj, where ρ is the mass
density, N0 is the Avogadro number and Aj is the mass
number) and define the quantity Aj
Aj = log
(
Nj
NH
)
+ 12 (4)
Ignoring elements from H to He, in this mixture
∑
j Xj =
Z by definition. The abundance by mass with respect to
Fe is given by[
Xj
XFe
]
= log
(
Xj
XFe
)
− log
(
Xj
XFe
)
⊙
(5)
or in terms of Aj[
Xj
XFe
]
=
(
Aj −A
⊙
j
)
−
(
AFe −A
⊙
Fe
)
(6)
Keeping constant the number density of Fe, i.e. (AFe −
AFe
⊙)=0 and changing other elements (enhancement), we
obtain
Aenhj =
[
Xj
XFe
]
+A⊙j (7)
Inserting the adopted [Xj/XFe] and the solar values for
A⊙j by Grevesse & Sauval (1998), respectively, from equa-
tion (4) we can calculate the new abundances by mass for
any pattern of α-enhanced elements. In general, the sum
of the Xj will be different from Z. The mass abundance
must therefore be re-scaled to the true value X ′j given by
X ′j =
Xj∑
Xj
(8)
Finally we may define the “total enhancement factor” ΓZ
as
ΓZ = − log
(
X ′Fe
X⊙Fe
)
(9)
from which we immediately obtain the relationship be-
tween ΓZ and the new value of the Fe abundance in α-
enhanced mixtures
log
(
X ′Fe
X ′H
)
= log
(
XFe
XH
)
⊙
+ log
(
X ′H
X⊙H
)
− ΓZ (10)
It is worth calling attention that at given total metallicity
Z different patterns of [Xj/XFe] may yield the same total
enhancement factor ΓZ . This fact bears very much on the
procedure for deriving α-enhanced indices because each
elemental species brings a different effect.
Finally, for the sake of comparison with the results
from enhancing at varying metallicity (see below), we en-
hance the elements as in Munari et al. (2005) by the ratio
[α/Fe]=+0.4dex and derive the total enhancement factor
ΓZ and the abundances listed in Table 1.
This definition of enhancement has been adopted by
Tantalo et al. (1998), Trager et al. (2000b,a), Maraston
et al. (2003), Thomas et al. (2003a,b), Thomas &
Maraston (2003) and TC04. It is indeed the most pop-
ular one to calculate theoretical indices for SSPs.
2.2.2. Enhancement at varying metallicity
Let us relax the condition that XH , XHe and Z remain
constant. By supposing that some elements are increased
by the factor [Xi/XFe] > 0, the total metallicity will be
greater, the abundance of H and He will be different (de-
crease) and the condition
∑
Xj = 1, where j runs over all
elements (starting from H), will not be satisfied. In order
to recover it, the new abundances are re-scaled by means
of the relations
N ′j =
Nj∑
Nj
X ′j =
Xj∑
Xj
. (11)
where once again j runs over all elements. In this case ΓZ
defined in Section 2.2.1 can no longer be used to rank the
degree of total enhancement because it would vary with
the metallicity. We need indeed to will find a new, metal-
licity independent, definition for the total enhancement
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Table 1. Abundance ratios for the solar-scaled and α-enhanced mixtures in which enhancement is performed at
constant total metallicity. The solar scaled values are taken from Grevesse & Sauval (1998). The enhancement factor
[Xel/Fe]=+0.4dex is the same as in Castelli & Kurucz (2004).
ΓZ = 0 ΓZ =0.25
Element Ael X’el/Z [Xel/Fe] Ael X’el/Z [Xel/H]
C 8.52 0.1627 0.00 8.52 0.0840 –0.2459
N 7.92 0.0477 0.00 7.92 0.0246 –0.2459
O 8.83 0.4430 0.40 9.23 0.5747 0.1541
Ne 8.08 0.0985 0.40 8.48 0.1277 0.1541
Na 6.33 0.0020 0.00 6.33 0.0010 –0.2459
Mg 7.58 0.0374 0.40 7.98 0.0485 0.1541
Si 7.55 0.0407 0.40 7.95 0.0528 0.1541
S 7.33 0.0280 0.40 7.73 0.0363 0.1541
Ca 6.36 0.0037 0.40 6.76 0.0049 0.1541
Ti 5.02 0.0002 0.40 5.42 0.0003 0.1541
Cr 5.67 0.0010 0.00 5.67 0.0005 –0.2459
Fe 7.50 0.0725 0.00 7.50 0.0374 –0.2459
Ni 6.25 0.0043 0.00 6.25 0.0022 –0.2459
factor. ΓZ can be simply replaced by the ratio long ago
proposed by Salaris et al. (1993),
Γα =
[∑
Xα,enhi∑
Xαj
]
(12)
where
∑
Xα,enhi is the sum of the abundances of all en-
hanced elements and
∑
Xαj is the sum of the abundances
of all α-elements that are left unchanged. The square
brackets have their usual meaning. Γα is thereinafter use
to indicate the global enhancement ratio. Given a set of
enhanced elements, Γα does not change with the metallic-
ity; it changes, however, with the specific pattern of en-
hanced elements and degree of enhancement. To a certain
extent the same Γα may correspond to different patterns
of abundances2.
This definition of enhancement is for instance adopted
by Castelli & Kurucz (2004) on which the library of syn-
thetic spectra by Munari et al. (2005) is based. The dif-
ference brought about by the two definitions is not trivial
and leads to different results.
2.2.3. General remarks
With the first definition (constant metallicity) indices for
solar scaled and α-enhanced mixtures with the same Z can
be simply compared. With the second one for any degree
of enhancement one has to establish a priori the corre-
sponding total metallicity before doing the above compar-
ison. For the sake of illustration and limited to the case
of solar composition [X=0.7347, Y=0.248, Z=0.0170], we
present in Table 2, how the metallicity Z and abundance
of H and He would vary when the some heavy elements
are enhanced by +0.4 dex.
2 With the pattern of abundances we have adopted Γα = 0.4
It also worth noticing that applying this new definition of en-
hancement to the previous case we would also obtain Γα ∼0.4.
The new abundances should be compared with those
presented in Table 1 obtained at constant Z. Due to
the effect of enhancement (the same on the same ele-
ments) the new chemical parameters become [X=0.7219,
Y=0.244, Z=0.0340]: the metallicity is almost doubled
and the abundances of H and He are slightly decreased.
Finally, in Table 3 for all metallicities [M/H] of the Munari
et al. (2005) library we present the relationship between
the chemical parameters [X,Y,Z] for solar-scaled mix-
tures and the corresponding ones for the enhancement
[α/Fe]=+0.4dex (Γα=0.4) that are shortly indicated as
[X’,Y’,Z’].
As in our study we have adopted the Castelli & Kurucz
(2004) model atmospheres and the companion Munari
et al. (2005) synthetic spectra we also adopt their defini-
tion of enhancement. Throughout this paper, when com-
paring results for the “same” metallicity and different de-
gree of enhancement we will make use of the relation-
ship shown in Table 3. It is worth remarking that this
relationship changes with the adopted degree of enhance-
ment. This is a point to keep in mind when comparing
results from different authors and also results obtained
with the definition of enhancement at constant metallic-
ity. Taking advantage from the fact that in the Munari
et al. (2005) library the same enhancement factor [α/Fe]
is adopted we will indicate our α-enhanced mixtures sim-
ply with Γα=0.4.
2.3. The Worthey et al. (1994) and Borges et al.
(1995) fitting functions
In the following we adopt the Worthey et al. (1994)
FFs, extended however to high temperature stars
(Teff≈10000K) as reported in Longhetti et al. (1998).
Recently new FFs are available also for the λ4000 break
by Gorgas et al. (1999) and Ca II triplet by Cenarro et al.
(2001). All these FFs depend on stellar effective temper-
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Table 2. Abundance ratios for the solar-scaled and α-enhanced mixtures in which enhancement is performed at
varying the total metallicity Z. The solar-scaled values are taken from Grevesse & Sauval (1998). The enhancement
factor [Xel/Fe]=+0.4dex (Γα=0.4) is the same as in Castelli & Kurucz (2004).
Γα=0 Γα=0.4
Element Ael Xel Xel/Z Xel/H [Xel/Fe] Ael Xel Xel/Z Xel/H
H 12.00 0.734709 – 1.0000 0.00 12.00 0.721943 – 1.0000
He 10.93 0.248336 – 0.3380 0.00 10.93 0.244022 – 0.3380
C 8.52 0.002899 0.1709 0.0039 0.00 8.52 0.002849 0.0837 0.0039
N 7.92 0.000849 0.0501 0.0012 0.00 7.92 0.000834 0.0245 0.0012
O 8.83 0.007884 0.4650 0.0107 0.40 9.23 0.019460 0.5717 0.0270
Ne 8.08 0.001768 0.1043 0.0024 0.40 8.48 0.004365 0.1282 0.0060
Na 6.33 0.000036 0.0021 0.0000 0.00 6.33 0.000035 0.0010 0.0000
Mg 7.58 0.000674 0.0397 0.0009 0.40 7.98 0.001662 0.0488 0.0023
Si 7.55 0.000726 0.0428 0.0010 0.40 7.95 0.001793 0.0527 0.0025
S 7.33 0.000500 0.0295 0.0007 0.40 7.73 0.001233 0.0362 0.0017
Ca 6.36 0.000067 0.0039 0.0001 0.40 6.76 0.000165 0.0048 0.0002
Ti 5.02 0.000004 0.0002 0.0000 0.40 5.42 0.000009 0.0003 0.0000
Cr 5.67 0.000018 0.0010 0.0000 0.00 5.67 0.000017 0.0005 0.0000
Fe 7.50 0.001287 0.0759 0.0018 0.00 7.50 0.001265 0.0372 0.0018
Ni 6.25 0.000076 0.0045 0.0001 0.00 6.25 0.000075 0.0022 0.0001
X=0.7347 Y=0.248 Z=0.0170 X=0.7219 Y=0.244 Z=0.0340
Table 3. Relationship between the chemical composition parameters [X, Y, Z] for solar-scaled and α-enhanced mixtures
([X’, Y’, Z’]) according to the definition of Castelli & Kurucz (2004). This relationship holds good only for the case
under consideration. It changes indeed with [α/Fe]. The data refers to the mixtures in Table 2.
Γα=0 Γα=0.4
X Y Z [M/H] X’ Y’ Z’ [M/H]’
0.7473 0.253 0.0002 –2.0 0.7471 0.253 0.0004 –1.7
0.7470 0.252 0.0005 –1.5 0.7465 0.252 0.0011 –1.2
0.7461 0.252 0.0017 –1.0 0.7448 0.252 0.0035 –0.7
0.7433 0.251 0.0054 –0.5 0.7391 0.250 0.0110 –0.2
0.7347 0.248 0.0170 0.0 0.7219 0.244 0.0340 0.3
0.7087 0.240 0.0517 0.5 0.6725 0.227 0.1003 0.8
ature, gravity and metallicity ([Fe/H]). They do not ex-
plicitly include the effect of α-enhancement.
However, many studies have emphasized that
absorption-line indices should also depend on the detailed
pattern of chemical abundances (Barbuy 1994; Idiart &
de Freitas-Pacheco 1995; Weiss et al. 1995; Borges et al.
1995), in particular when some elements are enhanced
with respect to the solar value. Empirical FFs for Mg2
and NaD in which the effect of enhancement is considered
have been presented by Borges et al. (1995). For all other
indices one has to use the Worthey et al. (1994) FFs, in
which the effect of enhancement is missing, but for the
re-scaling of [Fe/H] given by equation (10) and/or (11). A
great deal of the effect of enhancing α-elements is simply
lost.
3. The current correcting algorithm: the Tripicco
& Bell (1995) response functions
A general method designed to include the effects of en-
hancement on all indices at once has been suggested by
Tripicco & Bell (1995), who introduced the concept of
RFs. In brief from model atmospheres and spectra for
three prototype stars, i.e. a cool-dwarf star (CD) with
Teff=4575K and log g=4.6, a turn-off (TO) star with
Teff=6200K and log g=4.1, and a cool-giant (CG) star
with Teff=4255K and log g=1.9, they calculate the refer-
ence indices I0 for the solar abundance ratios. Separately,
doubling the abundanceXi of the C, N, O, Mg, Fe, Ca, Na,
Si, Cr and Ti in steps of ∆[Xi/H]=0.3dex, they determine
the variation ∆I = Ienh − I0 in units of the observational
error σ0. The indices I0, the observational error σ0 and the
normalized ∆I are given in Tables 4, 5 and 6 of Tripicco
& Bell (1995).
The definition of the generic RF to be used for arbi-
trary variations ∆[Xi/H] is
R0.3(Xi) =
1
I0
∆I
∆[Xi/H]
0.3
The RFs for cool-dwarfs, cool-giants and turn-off stars
constitute the milestones of the calibration. They are
used by Trager et al. (2000b), Thomas et al. (2003a) and
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Tantalo & Chiosi (2004a, TC04) to transfer indices with
solar abundance ratios to those enhanced in α-elements by
means of two different algorithms. As they are not strictly
equivalent, some clarification is worth here.
Without providing a formal justification, Trager et al.
(2000b) propose that the fractional variation of an index
to changes of the chemical parameters is the same as that
for the reference index I0 according to the relation
∆I
I
=
∆I0
I0
=
{∏
i
[1 + R0.3(Xi)]
[Xi/H]
0.3
}
− 1 (13)
where R0.3(Xi) are the RFs we have defined above. The
explanation of relation (13) has been provided by TC04 to
whom the reader should refer for details. The advantage
with this formulation is that no particular constraint is
required on the sign of I0, and the ∆I given by Tripicco
& Bell (1995) are straightforwardly used.
A different reasoning has been followed by Thomas
et al. (2003a). In brief, they start from the observational
hint that in galactic stars Mg2∝ exp([Mg/H]) (see Borges
et al. 1995), assume that all indices depend exponen-
tially on the abundance ratios and introduce the variable
ln I ∝ [Xi/H], expand ln I in the Taylor series and, by re-
placing the partial derivatives with respect to abundances
by the finite incremental ratio of Tripicco & Bell (1995),
express the fractional variation of an index to changes in
the abundance ratios as
∆I
I
=
{∏
i
exp (R0.3(Xi))
[Xi/H]
0.3
}
− 1 (14)
The reader is referred to Thomas et al. (2003a) for the
formal derivation of relation (14). Although relations (13)
and (14) may look similar, actually they do not because in
the latter the partial derivatives in the Taylor expansion
have been replaced by the finite incremental ratios. This
topic has been thoroughly discussed by TC04.
The following remarks are worth to be made here.
First, as emphasized by Trager et al. (2000b) and Thomas
et al. (2003a), equations (13) and (14) while securing that
the indices tend to zero for small abundances they let them
increase with the exponent [Xi/H]/0.3. For abundances
higher than [Xi/H]=0.6 dex, the exponent may became
too large and consequently both types of correction may
diverge. Second, the use of equations (13) and (14) re-
quires that the sign of the index to be corrected is the
same of the corresponding I0 in Tripicco & Bell (1995). In
general this holds good. In principle, it may, however, hap-
pen that the signs do not coincide. Furthermore, some of
the indices I0 in Tripicco & Bell (1995) are negative so that
the ln I variable cannot be defined and the Taylor expan-
sions can no longer be applied. To overcome this potential
difficulty, Thomas et al. (2003a) apply a correcting proce-
dure forcing the negative reference indices I0 of Tripicco
& Bell (1995) to become positive. This occurs in particu-
lar for Hβ of cool-dwarf stars (and other indices as well).
The argument is that neglecting non-LTE effects Tripicco
& Bell (1995) underestimate the true values of Hβ so that
negative values found for temperatures lower than approx-
imately 4500K should be shifted to higher, positive values
(see for instance Fig. 12 in Tripicco & Bell 1995). We sus-
pect that any change to the values tabulated by Tripicco
& Bell (1995) may be risky for a number of reasons: (i)
The FFs have been derived from a set of data that in-
clude a significant number of stars with negative values of
Hβ; (ii) the incremental ratios by Tripicco & Bell (1995)
have been calculated for particular stars (stellar spectra)
with assigned Teff , log g and I0. Changing the reference
I0 while leaving unchanged the incremental ratios (partial
derivatives) may not be very safe. (iii) The replacement
of the partial derivatives with the Tripicco & Bell (1995)
incremental ratios may be risky when dealing with expo-
nential functions; (iv) the corrections found by Thomas
et al. (2003a) for a number of indices are quite large; (v)
finally, the use of ln I as dependent variable which requires
that only positive values for I0 are considered.
The application of eqns. (13) and (14) by TC04 has
generated different and highly controversial results for
some indices, Hβ in particular, under unusual enhance-
ments in some elements. In brief, TC04 presented grids
of indices with α-enhanced abundance ratios. The indices
were derived from the Salasnich et al. (2000) stellar mod-
els and isochrones with the abundance ratios by Ryan
et al. (1991), and corrected by means of equation (13) of
Trager et al. (2000b). The unusual abundance ratio for Ti
([Ti/Fe]=0.63, which implies [Ti/H]=0.2634 when the def-
inition of enhancement at constant Z is adopted), together
with the interpolation among the fractional variations of
the calibrating stars, yielded Hβ strongly increasing with
ΓZ . This immediately reflected on the ages assigned to
galaxies by means of the minimum-distance method of
Trager et al. (2000b,a) widely used by TC04. The strong
impact of Ti on Hβ is due to the high RFs of this element
for cool-dwarfs in the Tripicco & Bell (1995) calibration.
Decreasing the ratio [Ti/Fe] to zero as in Trager et al.
(2000b) or to 0.3 as in Thomas et al. (2003a), the results
by TC04 were in close agreement with those by the other
authors. It is worth recalling that the ratio [Ti/H] entering
equations (13) and (14)3, was 0 in Trager et al. (2000b),
0.023 in Thomas et al. (2003a) and nearly 0.2 in TC04
with obvious consequences. The effect was also confirmed
by adopting the more recent determinations by Carney
(1996) and Habgood (2001) of the [Ti/Fe] in globular clus-
ters that yield 〈[Ti/Fe]〉≃0.25÷0.30, and by Gratton et al.
(2003) for a sample of metal-poor stars with accurate par-
allaxes for which they yields 〈[Ti/Fe]〉≃0.20±0.05 (TC04).
In any case the controversy about the correcting technique
still remained. It can be reduced to the statement: does
Hβ increase (significantly) with [α/Fe] or not? Or, even
worse, does it decrease with it? According to Thomas et al.
(2003a) there should be no difference in Hβ at increasing
3 Similar considerations apply to all other elements listed in
the Tripicco & Bell tabulation.
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[α/Fe]. The analysis below will clarify that this is not the
case.
4. The new response functions
In this section we present the RFs we derive from high
resolution spectra and a simple algorithm to pass from
solar-scaled to α-enhanced indices.
4.1. The high-resolution spectra
The spectra used in the present analysis are taken for
a partial pre-release of the 2500–10500A˚ extensive syn-
thetic spectral library computed by Munari et al. (2005).
The spectral library is based on the new grid of ATLAS9
model atmospheres computed by Castelli & Kurucz (2004)
for new opacity distribution functions that include, among
other characteristics, the replacement of the solar abun-
dances by Anders & Grevesse (1989) with those from
Grevesse & Sauval (1998) and the TiO line-list by Kurucz
(1993) with that of Schwenke (1998). The Munari et al.
(2005) spectral library includes more than 200,000 spectra
at resolutions of 20,000 and 2000 (the latter matching the
SLOAN spectra), as well as uniform dispersions of 1A˚/pix
and 10A˚/pix.
The library covers very large intervals of effective tem-
perature (3500–50000K), gravities (0≤log g≤5.0), metal-
licities (–2.5≤[Z/Z⊙]≤0.5), microturbulent velocities (0,
1, 2 and 4 km/sec), a dozen of rotational velocities,
and finally two degrees of enhancement ([α/Fe]=0. and
+0.4dex). For all other details see Munari et al. (2005).
The library is still under construction. When completed, it
will provide a powerful tool for predicting absorption line
indices and exploring their applications. A strictly coordi-
nated library of synthetic spectra is the one published by
Zwitter et al. (2004) for the GAIA and RAVE wavelength
range, amounting to 183,588 spectra covering a similar
space of parameters.
In this work we have made use of the version at
1A˚/pix with temperature interval 4000–13000K, gravity
0≤log g≤5.0, metallicities –2.5≤[Z/Z⊙]≤0.5, null micro-
turbulence and rotational velocities and the two degrees
of enhancement ([α/Fe]=0. and +0.4 dex, i.e. Γα=0. and
0.4, respectively). It is worth recalling that in this latter
case the temperature coverage is narrower at high metal-
licities, i.e. from 4000 to 7250K for [Z/Z⊙]=0 and from
10000 to 13000 for [Z/Z⊙]=0.5.
The temperature, gravity and metallicity coverage of
the body of stellar spectra in usage here is summarized
in Fig. 1 (as already mentioned in the case of the highest
metallicity and α-enhanced spectra, the temperature in-
terval is smaller). Each panel is for a different effective
temperature as indicated. The symbols show the com-
bination of metallicity, expressed here in spectroscopic
notation as [Z/Z⊙] = log(Z/Z⊙), and gravity (log g) for
which a spectrum has been calculated. The triangles are
for Γα=0 whereas the squares are for Γα=0.4. The param-
eters span the following ranges: two values of [α/Fe] (or
Fig. 1. Typical coverage in the atmospheric parameters, and
Γα of the 1-A˚ resolution spectra used in this study. The
filled-triangles are for chemical compositions with solar abun-
dance ratios [α/Fe]=0 (Γα=0), whereas the open-squares are
α-enhanced mixtures with [α/Fe]=+0.4 dex (Γα=0.4).
Γα), i.e. [α/Fe]=0 and +0.4dex; six values of [Z/Z⊙], i.e. –
2.0, –1.5, –1.0, –0.5, 0 and 0.5 for [α/Fe]=0, and five values
([Z/Z⊙]=–2.0, –1.5, –1.0, –0.5 and 0) for [α/Fe]=+0.4dex;
five values of Teff , i.e. 4000, 5250, 7250, 10000 and 13000K
for most of the spectra, they are reduced to three val-
ues (4000, 5250 and 7250 K) for [α/Fe]=+0.4dex and
[Z/Z⊙]=0; finally eleven values of log g going from 0 to
5.0 in steps 0.5. The spectral grid is only a sub-set of the
original model atmosphere grid, however fully adequate
to the purposes of this study. The range of wavelength in
each spectrum goes from 2500A˚ to 10500A˚ with resolu-
tion of 1A˚. The flux Fλ is in erg sec
−1cm−2A˚−1. In Fig. 2
we show for the sake of illustration the spectral energy
distribution for the model with Teff=4000K, log g=4.5,
[Z/Z⊙]=–0.5, micro-turbulence velocity k=2km/sec, and
Γα=0 (left panel) and 0.4 (right panel). It fairly represents
the case of a cool-dwarf star.
4.2. Indices from 1-A˚ resolution spectra
With the aid of equations (1) and (2) and the pass-bands
of Trager et al. (1998) we filter the energy distribution of
each star in our grids and derive the indices. They are not
strictly equivalent to the Lick system because the spec-
tra in usage have 1-A˚ resolution, whereas those on the
Lick system have significantly smaller resolution (approx-
imately 8.4A˚) that also depends on the wavelength inter-
val (see Worthey & Ottaviani 1997, for all details). This
case will be considered in detail in Section 4.4.
The data for the whole sets of indices are not dis-
played but they are partly given in and partly recovered
from Tables A.1 through A.5 to be described in Appendix
A. We limit ourselves to show in Figs. 3 the variation of
the index Hβ across the HR-diagram for the case with
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Fig. 2. Two theoretical spectra of the Munari et al. (2005) library. Left-hand panel: spectral energy distribution Fλ for the star
with Teff=4000K, log g=4.5, [Z/Z⊙]=–0.5, Γα=0. The wavelength is in A˚. Fλ is in erg sec
−1cm−2A˚−1 and the resolution is 1A˚.
Right-hand panel: the same but for Γα=0.4.
Fig. 3. Left Panel Variation of Hβ from 1-A˚ resolution spectra across the HR-diagram in the log g versus log Teff plane. Each
value of Hβ corresponds to a star (theoretical spectrum) of given log g, log Teff and [Z/Z⊙]. The case under consideration is
for [Z/Z⊙]=–0.5 and Γα=0. In the same diagram we also plot two isochrones of the Padova Library with the same metallicity
(Z=0.008) and ages of 0.01 and 10Gyr. Right Panel: The same as in the left panel but for Γα=0.4.
[Z/Z⊙]=–0.5 and Γα=0 and 0.4. In the same diagram
we also plot two isochrones with the same metal content
taken from the Padova Library (Girardi private commu-
nication): the ages are 0.01Gyr and 10Gyr. The grids of
calibrating stars cover most of the HR-diagram in which
real stars are found.
4.3. Response functions for 1-A˚ resolution spectra
It is worth of interest here to present the analogue of the
Tripicco & Bell (1995) RFs, the only major difference
is that they cannot be evaluated for separate increases in
the abundance of individual species [αi/Fe] but only for all
elements enhanced with respect to the solar value lumped
together. Now the dependence of theRFs on temperature,
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Fig. 4. 1-A˚ resolution spectra. Variations of the index Hβ pass-
ing from solar to α-enhanced chemical mixture. We plot the
difference (δI)Teff ,g,[Z/Z⊙] as a function of the atmospheric pa-
rameters as indicated. Left-hand panels: for each log Teff δHβ
increases with log g. Right-hand panels: for each log g δHβ de-
creases with log Teff .
gravity, metallicity and enhancement can be evaluated in
detail. This was not the case with the Tripicco & Bell
(1995) calibration which stood on three stars with solar
metallicity. We start calculating the differences
(δI)Teff ,g,[Z/Z⊙] = Ienh − Isol (15)
taken at fixed logTeff , log g and metallicity ([Z/Z⊙]) and
varying Γα from 0 to 0.4, whose corresponding indices are
indicated as Isol and Ienh, respectively. The differences for
the whole sets of values are given in Tables A.1–A.5 for
[Z/Z⊙]=–2.0, –1.5, –1.0, –0.5 and 0, respectively.
In the ten panels of Fig. 4 we show the case of Hβ. Each
panel displays the variation of Hβ at changing logTeff (left
panels) and/or log g (right panels). We note that, for any
metallicity and passing from Γα=0 to 0.4: (i) at given
logTeff δHβ increases at increasing log g; (ii) at given log g
δHβ increases at decreasing logTeff . For most cases δHβ is
positive, i.e. the index Hβ increases at increasing Γα or, in
other words, Hβ for α-enhanced mixtures is greater than
the solar case, keeping all other parameters constant. The
increase is always significant, say approximately 0.1÷0.2,
but it can amount to nearly 1.4 for stars of low Teff and
high gravity, roughly in the intervals covered by cool-dwarf
and old turn-off stars, which are the most interesting in
view of the forthcoming applications.
Why such an increase with α? The answer lies in rela-
tive variation of Fl and Fc. In the case of Hβ (our proto-
type index) we derive the variation (δI) passing from solar
to α-enhanced mixtures. Upon differentiating the index
with respect to Fl and Fc (
∂I
∂Fl
=– 1Fc∆λ and
∂I
∂Fc
= FlF2c
∆λ)
we obtain
(δI) = ∆λ
(
Fl
Fc
)
sol
[∆ln Fc −∆ln Fl] (16)
where ∆ln Fl and ∆ln Fc are the differences in the line
and continuum fluxes passing from enhanced to solar.
Plugging the values of Fl and Fc as appropriate, it turns
out that the index increases with α. What happens is best
illustrated in Fig. 5 which, limited to the case of a typi-
cal cool-dwarf with Teff=4000, log g=4.5 and [Z/Z⊙]=–0.5
(Z=0.008), shows how the index Hβ is built up and how it
varies passing from Γα=0 to Γα=0.4. First in the bottom
panel we display the ratio Fλ,enh/Fλ,⊙ and the pass-bands
defining the index Hβ. The absorption in the α-enhanced
spectrum is significantly larger than in the solar-scaled
one. The effect is larger in the blue pseudo-continuum
and central band than in the red pseudo-continuum. This
means that α-enhanced mixtures distort the spectrum in
such a way that simple predictions cannot be made. This
is due to the contribution of hundreds of molecular and
atomic lines falling into the spectral regions over which the
index is defined. Secondly, in the upper panel we show the
spectral energy distribution of the solar-scaled (solid line)
and α-enhanced (dotted line) spectrum and once more the
pass-bands for Hβ. The open-circles and the big empty
star show the mean fluxes in the three pass-bands and the
interpolation of the pseudo-continuum to derive Fc in the
case of solar-scaled spectrum. The filled-triangles and the
empty pentagon are the same but for the α-enhanced mix-
ture. The increase of Hβ passing from solar to α-enhanced
abundance ratios is straightforward.
With the differences (δI), the equivalent of the
Tripicco & Bell (1995) RFs [i.e. R0.3(Xi)s] is
R0.4(α) =
1
Isol
Ienh − Isol
∆[α/Fe]
0.4 (17)
where the symbol α reminds the reader that only varia-
tions for the all elements enhanced at a time are available
(the products in equations (13) and (14) would extend
over one term only). Work is in progress to exactly repeat
the analysis made by Tripicco & Bell (1995), i.e. to provide
partial RFs by separately enhancing individual elements
at a time. This would improve upon the RFs and yet
maintain alive the FFs until high-resolution spectra will
become a general tool.
Having done that, for the sake of a preliminary inves-
tigation of the whole subject, we linearly extrapolate the
results obtained for [Z/Z⊙]=–2.0, –1.5, –1.0, –0.5 and 0
to the higher value of metallicity, i.e. [Z/Z⊙]=0.5 for the
temperatures lower than 10000K and also to [Z/Z⊙]=0
and 0.5 for the temperatures of 10000 and 13000K.
The extrapolation is safe, because (δI)=Ienh–Isol
smoothly change with the metallicity at given logTeff and
log g. Limited to the case of Hβ, this is shown in Fig. 6.
The dependence is almost linear and nearly insensitive
to gravity for Teff=5250, 7250, 10000 and 13000K. The
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Fig. 5. 1-A˚ resolution spectra. Building-up of the index Hβ
in the cool-dwarf with Teff=4000, log g=4.5 and [Z/Z⊙]=–0.5
both for the solar scaled and the total enhancement factor
Γα=0.4. The bottom panel shows the ratio Fλ,enh/Fλ,⊙. The
absorption in the α-enhanced spectrum is significantly larger
than the solar-scaled one. The effect is larger in the blue wing of
the pseudo-continuum and central band than in the red pseudo-
continuum. The upper panel shows the spectral energy distri-
bution of the solar-scaled (solid line) and α-enhanced (dotted
line) spectrum and the pass-bands defining the index Hβ. The
open-circles and star show the mean fluxes in the three pass-
band and the interpolation of the pseudo-continuum to derive
Fc in the case of solar scaled spectrum. The filled-triangles and
pentagon are the same but for the α-enhanced mixture. The
increase of Hβ passing from solar to α-enhanced abundance
ratios is straightforward.
case of Teff=4000 deserves little attention, because δHβ
tends to increase with [Z/Z⊙] and gravity. Adopting the
simple linear extrapolation on [Z/Z⊙], we probably under-
estimate δHβ for the high metallicities.
4.4. Indices and response functions at the Lick
resolution
The 1-A˚ resolution spectra have been degraded to the res-
olution of the Lick system following the procedure and the
FWHM of Worthey & Ottaviani (1997). The new spectral
energy distribution of each star in the calibrating grid
have been filtered to derive the indices and the whole
procedure described in Section 4.3 has been repeated.
The data are given in Tables A.6–A.10 of Appendix A.
These are the analogue of Tables A.1 through A.5. For
the sake of comparison we show in Fig. 7 the differ-
ences (δI)Teff ,g,[Z/Z⊙] = Ienh − Isol. In general, the new
(δI)Teff ,g,[Z/Z⊙] share the same trends as in the previous
Fig. 6. 1-A˚ resolution spectra. The variation δHβ as a function
of the metallicity [Z/Z⊙] at fixed log Teff and log g as indicated.
In each panel the big symbols display the value of δHβ linearly
extrapolated to the metallicity [Z/Z⊙]=0 for T≤7250K and up
to 0.5 for T=1000 and 13000K.
case, been however only slightly smaller. The most no-
ticeable change is for Hβ, whose largest (δI) amounts to
1.1 instead of 1.4 for the case of a cool-dwarf (Teff=4000,
log g=4.5) and [Z/Z⊙]=0. Also in this case we linearly
extrapolate the data to higher values of the metallicity
for the sake of preliminary investigation. Indices and (δI)
fully consistent with the Lick system will be used in the
discussion below.
5. SSP indices from FFS and new RFS
Owing to the large body of data and synthetic indices on
the Lick system, it might be worth of interest to derive
indices still based on the FFs but in which the old RFs
are replaced by the new ones. This means that indices for
solar scaled mixture are calculated as amply described in
TC04, whereas those for Γα>0 are obtained according to
the following equation
Ii,enh = Ii,sol + δIi (18)
where Ii,sol is the solar-scaled index of the generic star
in the SSP and Ii,enh the is same but corrected for
enhancement by δIi. This is derived by linearly in-
terpolating both in log g and logTeff the new RFs
(listed in Tables A.6–A.10) and taking into account
the enhancement-metallicity relationship discussed in
Section 2.24.
4 It is worth recalling that an equivalent procedure would be
to use eqn. (13) combined with (17) instead of eqn. (18).
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Fig. 7. The same as in Fig. 4 but for spectra degraded to
the resolution of the Lick system. The details are given in
Section 4.4. In the various panels we show the variations of the
index Hβ passing from solar to α-enhanced chemical mixture.
We plot the difference (δI)Teff ,g,[Z/Z⊙] as a function of the at-
mospheric parameters as indicated. Left-hand panels: for each
Teff δHβ increases with log g. Right-hand panels: for each log g
δHβ decreases with log Teff .
5.1. Definition of SSP indices
The integrated indices of SSPs can be derived in the fol-
lowing way. We start from the flux in the absorption-line
of the generic star of the SSP, Fl,i
Fl,i = Fc,i
(
1−
Il,i
∆λ
)
(EW ) (19)
Fl,i = Fc,i10
−0.4Il,i (Mag) (20)
where Il,i is the index derived from the FFs using the
logTeff , log g and chemical composition of the star, and,
in the case of α-enhancement, also corrected according to
equation (18). Fc,i is the pseudo-continuum flux, Fl,i is
the flux in the pass-band and ∆λ is the same as in equa-
tion (1). The flux Fc,i is calculated by interpolating to the
central wavelength of the absorption-line, the fluxes in the
midpoints of the red and blue pseudo-continua bracketing
the line (Worthey et al. 1994).
To calculate the flux Fc,i of a generic star one needs
the theoretical spectrum of the same star. To be able to
compare our results based on the new RFs with the old
ones by Trager et al. (2000b), Thomas et al. (2003a) and
TC04 based on low-resolution spectra, we have to make
use of stellar spectra with similar resolution. Therefore we
leave aside the library of high-resolution spectra of Munari
et al. (2005) and adopt the low-resolution one amalga-
mated by Girardi et al. (2002) and adopted by TC04.
As the backbone of this library are the Kurucz ATLAS9
model atmospheres and stellar spectra, there is partial
consistency between the spectra adopted to evaluate the
pseudo-continuum and the 1-A˚ resolution spectra adopted
to derive the new RFs.
Known the fluxes Fl,i and Fc,i for a single star, we
weight its contribution to the integrated value on the rel-
ative number of stars of the same type. Therefore the in-
tegrated index is given by
ISSPl = ∆λ
(
1−
∑
i Fl,iNi∑
i Fc,iNi
)
(EW ) (21)
ISSPl = −2.5 log
(∑
i Fl,iNi∑
i Fc,iNi
)
(Mag) (22)
where Ni is the number of stars in the bin.
When computing actual SSPs, single stars are iden-
tified to the isochrone elemental bins defined in such a
way that all relevant quantities, i.e. luminosity, logTeff ,
log g and mass vary by small amounts. In particular, the
number of stars in an isochrone bin is given by
Ni =
∫ mb
ma
φ(m)dm (23)
where ma and mb are the minimum and maximum star
mass in the bin and φ(m) is the mass function in number.
These are the equations adopted to calculate the indices
of SSPs.
Finally, in view of the discussion below it is worth re-
minding the reader the definition of two indices that are
commonly used but which do not belong to the original
Lick system. They are 〈Fe〉 and [MgFe]
〈Fe〉 = 0.5× (Fe5270 + Fe5335)
[MgFe] =
√
Mgb× (0.5× Fe5270 + 0.5× Fe5335)
5.2. Stellar models and isochrones
For the purposes of this study, we adopt the Padova
Library of stellar models and companion isochrones ac-
cording to the release by Girardi et al. (2000). This set
of stellar models/isochrones differs from the classical one
by Bertelli et al. (1994) for the efficiency of convective
overshooting and the prescription for the mass-loss rate
along the asymptotic red giant branch (AGB) phase. The
stellar models extend from the zero-age mean sequence
(ZAMS) up to either the start of the thermally pulsing
AGB phase (TP-AGB) or carbon ignition. No details on
the stellar models are given here; they can be found in
Girardi et al. (2000) and Girardi et al. (2002). Suffice it to
mention that: (i) in low-mass stars passing from the tip of
red giant branch (T-RGB) to the horizontal branch (HB)
or clump, mass-loss by stellar winds is included accord-
ing to the Reimers (1975) rate with η=0.45; (ii) the whole
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Table 4. Chemical composition as a function of metallicity for
the SSPs in use.
Z Y X
0.008 0.248 0.7440
0.019 0.273 0.7080
0.040 0.320 0.6400
0.070 0.338 0.5430
Fig. 8. Indices on the Lick resolution calculated with the FFs
and the new RFs. The panels show the temporal variation of
four different indices.
TP-AGB phase is included in the isochrones with ages
older than 0.1Gyr according to the algorithm of Girardi
& Bertelli (1998) and the mass-loss rate of Vassiliadis &
Wood (1993); (iii) four chemical compositions are consid-
ered as listed in Table 4.
5.3. Results for SSP indices on the Lick resolution
Going into a detailed description of the dependence of the
absorption-line indices for SSPs on age, chemical compo-
sition and Γα, is beyond the scope of this study
5. Suffice
it to show in Figs. 8 and 9 the temporal evolution of nine
important indices, i.e. Mgb, Mg2, 〈Fe〉, [MgFe], and the
Balmer Lick Hβ, HγF, HδF, HγA and HδA, for the follow-
ing combinations of metallicity and Γα, namely Z=0.008
(solid lines) and Z=0.070 (broken lines), Γα=0. (heavy
lines) and Γα=0.4 (light lines). The age goes from 0.01 to
18Gyr. These results are very similar albeit not identical
to those found by TC04 adopting the same library of stel-
lar spectra, the Worthey et al. (1994) FFs, the oldRFs of
Tripicco & Bell (1995) and the algorithm of Trager et al.
5 The complete grids of absorption-line indices are available
from the authors upon request and/or downloaded from the
web site http://dipastro.pd.astro.it/galadriel.
Fig. 9. The same as Fig. 8 but for the Balmer Lick indices.
(2000b). Finally, we note that the most controversial re-
sult in the studies by TC04 and Tantalo & Chiosi (2004b),
i.e. the increase of Hβ with [α/Fe] (and/or ΓZ and/or Γα)
at fixed age and metallicity, is recovered by the present
analysis.
5.4. Passing from old to new RFs
Comparing the present results with previous ones in liter-
ature is not an easy task because the strict analogues do
not exist. In brief, the models by Trager et al. (2000b,a),
Maraston et al. (2003), Thomas et al. (2003a), Thomas
et al. (2003b), Thomas & Maraston (2003) and TC04 are
calculated with the definition of enhancement at constant
Z, the classical FFs of Worthey et al. (1994), the old
RFs of Tripicco & Bell (1995) and either equation (13)
or (14) to pass from solar-scaled to α-enhanced mixtures.
The present models adopt the definition of enhancement
at increasing Z, the classical FFs of Worthey et al. (1994)
the new RFs calculated in this work and equation (18) to
pass from solar-scaled to α enhanced indices.
In addition to this, there are differences arising from
the quality of the spectra for the calibrating stars adopted
by Tripicco & Bell (1995) and Munari et al. (2005). Owing
to the many improvements in the physics of stellar atmo-
spheres introduced by Munari et al. (2005) and Castelli &
Kurucz (2004), the more recent compilations for the solar
abundances and many other details that are shortly sum-
marized in Section 4.1, the new RFs likely supersede the
old ones.
Despite these major drawbacks, it might be useful to
compare the present models, shortly indicated as INRF ,
with those calculated with the old procedure, shortly in-
dicated as IORF . These latter models have been explicitly
calculated with the abundances listed in Table 1, i.e. by
using the same enhancement ([α/Fe]=+0.4dex) but the
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Fig. 10. Indices on the Lick resolution: comparison between
Hβ (top-left panel), Mgb (top-right panel), 〈Fe〉 (bottom-left
panel) and Mg2 (bottom-right panel) calculated with the FFs
of Worthey et al. (1994) but different RFs and definition of
enhancement. The indices shortly indicated as IORF are cal-
culated with the first definition of enhancement (ΓZ=0.25) the
old RFs by Tripicco & Bell (1995) and the algorithm of equa-
tion (13). The indices whereas INRF are calculated with the
second definition of enhancement (Γα=0.4) the RFs and equa-
tion (18). Both groups have the same elements enhanced by
[α/Fe]=+0.4 dex. The corresponding abundances are given in
Tables 1 and 2. Finally, three different metallicities are consid-
ered as indicated.
definition at constant Z (i.e. Γ=0.25 and Γα=0.4), the
Tripicco & Bell (1995) RFs and equation (13).
For the sake of brevity, we compare four indices,
namely Hβ, Mgb, 〈Fe〉 and Mg2, for three metallicities
(Z=0.008, 0.019 and 0.070) and Γα goes from 0 to 0.4
(the same values hold good for both definitions of total
enhancement). This choice for the metallicity will allow
us to check cases for which the RFs have been extrapo-
lated. Furthermore passing from the IORF to the INRF
at given Z we have also taken into account the correlation
between Γα and Z (and/or [M/H]) discussed in Section 2.2
(see Table 3). The correlations between IORF and INRF
are shown in Fig. 10. In each panel three groups of mod-
els are displayed whose metallicity increases going from
bottom-left to top-right, whereas the age increases as in-
dicated. Along each curve the age goes from 1 to 18Gyr
as in Figs. 8 and 9.
For 〈Fe〉 there is no significant difference between
the two groups; MgbNRF is systematically lower than
MgbORF by 0.2A˚ to as much as 0.4A˚ at increasing age
and/or metallicity; Mg2NRF tends to become larger than
Mg2ORF at increasing age by as much as approximately
15 per cent. We suspect that for both indices the offset is
due to differences in the stellar spectra that are difficult
to pin down.
Finally, in the case of Hβ there is coincidence indepen-
dently of the metallicity and definition of enhancement for
ages younger than 3Gyr, whereas for older ages HβORF
is larger than HβNRF and the difference increasing with
metallicity. In the age range where the largest devia-
tion occurs, the maximum difference amounts to approxi-
mately 30 per cent. Careful inspection of the data reveals
that the difference mostly originates from correcting algo-
rithm in usage when applied to elements for which the RF
is strong. Recalling that the indices IORF are calculated
with [Ti/Fe]=0.40 (that corresponds to [Ti/H]=+0.1541),
one of the elements with the strongest RF in Tripicco &
Bell (1995) tabulation, the excess of HβORF over HβNRF
is most probably due to the correcting algorithm of equa-
tion (13) which tends to diverge whenever [Xi/Fe] or
[Xi/H]/0.3 and R0.3(Xi) are high (see equation 13). In
the case of HβNRF the correction with respect to solar
values is smaller (even though sizable) because of the lin-
earity of the algorithm in usage. For more details on this
subject the reader is referred to the discussion by TC04.
From this comparison we learn that:
(i) In general, there seems to be overall agreement between
the two groups of indices despite the large difference in the
definition of enhancement. As the case at increasing Z re-
quires the re-scaling of the metallicity to lower values, the
results eventually get close to those at constant Z which
implies a decrease in all elements that are not enhanced
(Fe, in particular).
(ii) The new RFs take into account effects that would
otherwise be missed, such as the dependence on the metal-
licity.
(iii) The new RFs for some indices and some stars, e.g.
Hβ for cool-dwarfs, have the opposite dependence on Γα
as compared to that predicted by Tripicco & Bell (1995).
The result stems from the modern physical input of the
new spectra.
No better comparison can be made at the present time,
because we would need stellar spectra with abundances of
elemental species increased one-by-one to derive the strict
analogue of theRFs by Tripicco & Bell (1995) and spectra
with enhanced composition according to the constant Z
scheme. All this is still out of reach for obvious reasons.
6. Comparison with globular clusters
It is worth checking whether the present indices can re-
produce the data for the globular clusters.
To this aim we have taken the sample of galactic glob-
ular clusters and bulge compiled by Puzia et al. (2002)
for which indices on the Lick system have been measured.
To analyze this sample we adopt the isochrones of the
Padova Library with chemical composition typical of the
galactic globular clusters (Girardi et al. 2000), and de-
rive the indices using the classical FFs and the new RFs
as described in Section 5. The metallicity-enhancement
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Fig. 11. The Mgb index versus ten different indices on the
Lick resolution calculated with metallicities typical of globu-
lar clusters. The thin-solid lines are the models with solar-
scaled pattern of abundances, whereas the thick-solid are the
models with Γα=0.4. Along each line are shown the indices
of SSPs with the same age, ∼12Gyr and different metallic-
ity from [Z/Z⊙]=–2 (Z∼0.0001) to 0 (Z∼0.019). These models
are calculated with the classical FFs and the new RFs. The
filled-squares are the globular cluster data, the open-square is
the galactic bulge from Puzia et al. (2002).
relation is taken into account when comparing indices
for solar-scaled and α-enhanced mixtures. The results are
shown in Fig. 11 for a number of indices. Each line show
the expected correlation between two indices at fixed age
and varying metallicity. The age under consideration is
that typical of globular clusters, i.e. 12 Gyr. The metallic-
ity increases from [Z/Z⊙]=–2.0 (Z∼0.0001) to [Z/Z⊙]=0
(Z∼0.019) moving from bottom left to top right. The thin-
solid lines are the models with solar-scaled pattern of
abundances, whereas the thick-solid are the models with
Γα=0.40. Despite the fact that these indices were not par-
ticularly designed to match the globular clusters, the over-
all agreement is satisfactory. The new indices are of the
same quality as those in TC04 and Thomas et al. (2003a).
In general, the agreement is better for the solar-scaled
mixture even if values of Γα in the range from 0 to 0.4
cannot be excluded. The index NaD depart from the ob-
servational value both in Thomas et al. (2003a), TC04 and
here.
To further confirm the quality of the theoretical indices
we derive the ages, metallicities and enhancement degree
from the indices for the sub-set of this sample of globular
cluster for which the same parameters are known from the
colour-magnitude diagrams.
To this aim, first we select the globular clusters for
which estimate of ages and metallicities (i.e. [Fe/H]) have
been derived from the colour-magnitude diagrams (see De
Angeli et al. 2005; Santos & Piatti 2004; Salaris & Weiss
2002; Schiavon et al. 2005). Then we consider the current
estimates of enhancement (i.e. [α/Fe]) obtained directly
from stars and take these as indicators of the total degree
of enhancement in each cluster (Pritzl et al. 2005, see).
Table 5 lists the metal content, degree of enhancement
and age together with its uncertainty we have been able to
collect from literature (the sources of data are indicated).
These are the values we would like to recover from the
indices.
To derive metallicities, degree of enhancement and
age from indices we adopt the Minimum-Distance Method
originally proposed by Trager et al. (2000b) and amply
described in TC04. Due to the different sensitivity of the
adopted indices to each parameter we prefer to use the
so-called Recursive Minimum-Distance Method 6.
Taking advantage of the high sensitivity of 〈Fe〉 and
Mg2 to [α/Fe] and their lower sensitivity to age and metal-
licity, we have apply the minimum-distance method to de-
rive [α/Fe] form the plane 〈Fe〉-Mg2 assuming the provi-
sional age T∼13. This value, shortly indicated as Γ0α, is
used to construct the functions Hβ(T,Z,Γ0α), 〈Fe〉(T,Z,Γ
0
α)
and Mgb(T,Z,Γ0α) and to solve the equations:
Hβobs = Hβ(T, Z,Γ
0
α)
〈Fe〉obs = 〈Fe〉(T, Z,Γ
0
α)
Mgbobs = Mgb(T, Z,Γ
0
α)
for the age and metallicity (T and Z). The procedure is
iterated till full consistency is achieved.
The results of this analysis are shown in Table 5
(columns (6) through (8) for the metallicity, [α/Fe] and
age, respectively). Metallicities, degree of enhancement
and ages derived from indices fully agree with those ob-
tained from the colour-magnitude diagrams. This holds
good both for individual clusters and the mean values for
the whole sample: 〈Age〉=11.2±1.8, 〈[Z/H]〉=–0.95±0.627
and 〈[α/Fe]〉=0.26±0.13 8.
7. Discussion and conclusions
We have generated synthetic absorption-line indices
on the Lick system based on the recent library of 1-A˚
resolution spectra calculated by Munari et al. (2005)
6 The method was introduced and applied in the first ver-
sion of this paper by Tantalo & Chiosi (2004a) appeared
on http://xxx.lanl.gov/abs/astro-ph/0305247v1 to which the
reader should refer for details.
7 We pass from [Z/H] to [Fe/H] with the aid of the obvi-
ous relation: [Fe/H]=[Z/H]–ΓZ , which with the definition of
enhancement adopted in this study is [Fe/H]=[Z/H]–0.625Γα .
8 We can directly compare our results with the observed ones
due to the fact that these latter are generally the average of
the [Mg/Fe], [Si/Fe], [Ca/Fe] and [Ti/Fe] abundance ratios.
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Table 5. Ages, metallicities and [α/Fe] for the sample of Galactic Globular Clusters by Puzia et al. (2002). Columns (2)
through (5) are estimates of the parameters based on the colour-magnitude diagrams or spectroscopic measurements;
columns (6) through (8) are the results derived from the absorption line indices.
NGC [Fe/H]CG [α/Fe]
d TCG σT [Z/H] [α/Fe] Age
5927 –0.64a — 10.0 0.7a –0.62 0.34 12.6
6218 –1.14a 0.35 10.0 0.9a –1.76 0.30 7.9
6284 –1.13a — 9.5 0.4a –1.51 0.37 8.9
6356 –0.89a — 10.0 2.0b –0.94 0.37 12.6
6388 –0.74a — 10.6 2.0b –0.91 0.06 10.0
6528 0.07b 0.11 10.0 2.0b –0.03 0.16 12.6
6553 –0.06b 0.19 10.0 2.0b –0.03 0.03 12.6
6624 –0.70b — 10.6 1.4c –0.91 0.30 12.6
6637 –0.78a — 9.9 1.1a –1.03 0.37 12.6
6981 –1.21a — 8.7 0.9a –1.74 0.34 10.0
a De Angeli et al. (2005)
b Santos & Piatti (2004)
c Salaris & Weiss (2002)
d Pritzl et al. (2005)
over a large range of atmospheric parameters (logTeff ,
log g and [Fe/H]) and both for solar and α-enhanced
abundance ratios in the chemical composition. The main
results of this study are:
(i) First we derive a modern version of the so-called
RFs of Tripicco & Bell (1995). Contrary to the previous
situation in which the RFs were known only for three
stars of given logTeff and log g, now the RFs are given
for large range ranges of logTeff , log g and [Fe/H] (or
[Z/Z⊙]). Not only the RFs vary with the type of star
but also with the metallicity9. The effect of metallicity
is important and cannot be neglected. While completing
this study, similar analysis has been published by Korn
et al. (2005) who strictly following the Tripicco & Bell
(1995) approach, presented the RFs for three stars
(a dwarf, a turn-off and a red giant for six chemical
composition). Their results are similar to ours even if the
coverage of the effective temperature-gravity intervals for
the reference stars is much narrower.
(ii) With the aid of the new RFs and the FFs of Worthey
et al. (1994) indices for SSPs are calculated and compared
with the old ones by TC04. But for the differences caused
by the new RFs and the kind of enhancement adopted
by TC04 and here, the agreement is good thus confirming
that the method adopted by TC04 to account for the
effect of α-enhancement albeit hampered by the coarse
grid of calibrating stars in Tripicco & Bell (1995) was
correct. The present results clearly demonstrate that not
only all indices depend on the enhancement but also that
Hβ increases with it as already anticipated by TC04 and
contrary to what claimed by Thomas et al. (2003a,b) and
only marginally admitted by Korn et al. (2005) in their
9 The new RFs are given as large 3D-matrices made avail-
able on the web page http://dipastro.pd.astro.it/galadriel.
recent study.
(iii) The new indices have been compared to those of galac-
tic globular clusters for which there are independent esti-
mates of age, metallicity and degree of enhancement and
used to re-derive these basic parameters by means of the
recursive minimum distance method customarily applied
to galaxies. The estimates of the three key parameters
from the two methods agree each other thus suggesting
that the indices for SSPs we have calculated are correct.
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Appendix A:
Tables A.1–A.5 list the new RFs calculated with the 1-
A˚ resolution spectra from Munari et al. (2005) as func-
tion of Teff and log g and for four different metallicities:
[Z/Z⊙]=–2.0, –1.5, –1.0, –0.5. For each index we give the
value Isol for the solar abundance ratios and the differ-
ence (δI)=Ienh − Isol between the α-enhanced and the
solar case. The corresponding RFs can immediately be
derived from relation (17). Tables A.6–A.10 are the same
but for the high-resolution spectra degraded to the Lick
resolution.
